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Ch. VIII. Of zhe Manner, &c. 97 


CH AP. VIII. 
Of the Manner wherein Light 1 
764 reflected. 


HE Reſraction of Light has been con- 

fidered, and explained: Its Reflection is 
now to be inquired into (a), And firſt, fot 
the Manner wherein it is perfortned. 


When a Ray of Light falls upon a Body not 
tranſpatent, Part or all of it is refleed; if any 
enters, it is ſuffocated and loſt within the Bo- 
dy: When it falls upon a tranſparent Body, 
Part of it is refleted, and Part enters; of 
what enters, ſome is alſo ſuffocated and loſt in 
the Body; the reſt, when it arrives at the otber 
Side, ſome of it is reflected there, the Re- 
mainder goes oh and leaves the Body, unleſs 
its Inclination to that Side exceeds a certain 
Degree; which if it does, it is all reflected 
there. And the Power whereby a Ray is re- 
fleted at this other Side of a Body (which for 
Diſtinction ſake, I ſhall hereafter call the ſecond 
Surface) is ſtronger than that by which it 
would be reflected by the ſame Surface, were 
it about to enter the Body there with an equal 
Degree of Obliquity. 


(a) The Subject of this Inquiry is diſtinguiſhed from that of 
the former, by the Name of Catoptrics, as tending to explain the 
Manner in which Objects appear, when ſeen by feed Light. 

| SB | The 
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The Degree of Inclination neceſſary to cauſe | 
a total Reflection of a Ray at the ſecond Sur- | 
face of a Medium, is that which requires that 
the refracted Angle (was the Ray ſuppoſed to 
paſs out there) ſhould be equal to, or greater | 
than a right one; and conſequently it depends 
on the refractive Power of the Medium through | 
which the Ray paſſes; and is therefore diffe- 
rent in different Media. When a Ray paſ- 
ſes through Glaſs ſurrounded with Air, and 
is inclined to its ſecond Surface under an | 
Angle of 42 Degrees or more, it will be 


wholly reflefted there (b). For as 11 is to 17, 


(5) From hence it follows, that when a Ray of Light arrives 
at the ſecond Surface of a tranſparent Subſtance with as great or 
greater Degree of Obliquity, than that which is neceſſary to 


make a total Reflection, it will there be all returned back to the 


firſt ; and if it proceeds towards that with as great an Obliquity ? 
as it did towards the other (which it will do, if the Surfaces of 
the Medium be parallel to each other) it will there be all reflected 
again, Sc. and will therefore never get out, but paſs from Side 


to Side, till it be wholly ſuffocated and loſt within the Body. 


From hence may ariſe an obvious Inquiry, how it comes to 
paſs that Light, falling very obliquely upon a Glaſs Window 
from without, ſhould be tranſmitted into the Room? In Anſwer 7 
to this, it muſt be conſidered, that however obliquely a Ray 
falls upon the firſt Surface of any Medium whoſe Sides are parallel 
(as thoſe of the Glaſs in a Windo are) it will ſuffer ſuch a Degree 
of Refraction in entering there, that it ſhall fall upon the ſecond 
with a leſs Obliquity than that which is neceſſary to cauſe a7 
total Keflection. For Inſtance, let the Medium be Glaſs, as ſup- 
poſed in the preſent Caſe, then as 17 is to 11 (the Ratio of Re- 


fraction out of Air into Glaſs) ſo is the Sine of the largeſt) 


Angle of Incidence with which a Ray can fall upon any Surface, 
to the Sine of a leſs Angle than that of total Reflection. And? 
therefore, if the Sides of a Glaſs be parallel, the Obliquity, with? 
which a Ray falls upon the firſt Surface, cannot be fo great, but? 
that it ſhall paſs the ſecond without ſufferingatotal Reflection there 


(the? 


2 


iy 
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(the Ratio of RefraQtion out of Glaſs into Air) 


3 ſo is the Sine of an Angle of 42 Degrees to a 
fourth Number, that will exceed the Sine of a 
right Angle. 


When Light paſſes out of a denſer into a 


rarer Medium, the nearer the ſecond Medium 
approaches the firſt in Denſity (or more pro- 
A perly in its refraftive Power) the leſs of it 
2 will be reflected in paſſing from one to the 
other; and when their refracting Powers are 
equal, all of it will paſs into the ſecond Me- 


¶ dium. 


Whether Light be reflected from the firſt 


or ſecond Surface of a Body, the Law it ob- 
I ſerves is this, viz. That the Angle of Reflection 
F each Ray ſhall be equal to the Angle of Inci- 


2 dence of the ſame. | | 


By the Angle of Reflection is meant the 


Angle comprehended between a Perpendicular 
to the Surface at the Point where the Reflection 
is made, and the reflected Ray. 


Theſe are all the Circumſtances attending the 


Reflection of Light neceſſary to be taken No- 
tice of at preſent: There are others, but they 
reſpect the Doctrine of Light and Colours not 


;yet explained; we ſhall therefore paſs them by 
till we treat of that Subject, and in the mean 
. Time proceed to conſider the Reflection of Light 
nd from plain and ſpherical Surfaces. 


N2 CHAP. 
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CHAP. IX. 


and ſpherical Surfaces. 


T was obſerved in the foregoing Chapter, | 
that the Law of Reflection is ſuch, that 


the Angle of Reflection of each Ray ſhall 


be equal to the Angle of Incidence of the 
fame. From whence the feven following Pro- 
politions relating to the Reflection of Light 
from plain and ſpherical Surfaces may be de- 


duced. 1 


I. Rays of Light reflected from a plain Sur- 
face have the ſame Degree of Inclination to 
each other that their reſpective incident ones 


have. 


For the Angle of Reflection of each Ray 


being equal to that of its reſpective incident 
one, it is evident that each reflected Ray will 
have the ſame ee of Inclination to that 
Portion of the Surface from whence it is re- 
flected, that its incident one has; but it is 
here ſuppoſed that all thoſe Portions of Surface 
from whence the Rays are reflected are ſitu- 
ated in the ſame Plain; conſequently the re- 
flected Rays will have the ſame Degree of 
Inclination to each other that their incident 
ones have, fom whatever Part of the Surface 


they are reflecteee. 


See 


Cl 
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the 
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See this and the following Propoſitions ex- 


preſſed more determinately, and demonſtrated in 


the Note below (a). 
II. Parallel Rays, reflected from a concave 
Surface, are render'd converging. 


N 3 To 


(a) Propoſition TI. 
Of the Reflection of Rays from a plain Surface. 


When Rays fall upon a plain Surface, if they diverge, the 


Focus of the reffected Rays will be at the fame Diſtance behind 


the Surface, that the Radiant Point is before it : If they converge, 
it will be at the ſame Diſtance before the Sur Face, that the 
imaginary Focus of the incident Rays is behind it, 


This Propoſition admits of two Caſes. 
Caſe I, Of diverging Rays. 


Dem. Let AB, AC (Fig. 45) be two diverging Rays inci- 
dent in the plain Surface D E, the one perpendicularly, the 
other obliquely ; the perpendicular one A B will be reflected to 
A proceeding as from ſome Point in the Line AB produced; 
the oblique one AC will be reflected into ſome Line as CF, ſuch 
that the Point G, where the Line FC produced interſects the 
Line AB produced alſo, ſhall be at an equal Diſtance from 
the Surface DE with the Radiant A, For the Perpendicclar 
CH being drawn, ACH and HCF will be the Angles of Inci- 
dence and Reflection, which being equal, their Complements 
ACB and FCE are ſo too: But the Angle BCG is equal to FCE, 
as being vertical to it; therefore in the Triangles ABC and GBC 
the Angles at C are equal, the Side BC is common, and the 
Angles at B are alſo equal to each other, as being right ones; 
therefore the Lines AB and BG, which reſpect the equal Anples 
at C, are alſo equal, and conſequently the Point G, the Focus of 
the incident Rays AB, AC, is at the ſame Diſtance behind the 
Surface, that the Point A is beſore it. Q. E. D. 


Caſe II. Of converging Rays. 
This is the Converſe of the former Caſe. For ſappoſing F C 
and AB to be two converging incident Rays, C A and BA will 


be the refleted ones (the Angles of Incidence in the 9 
| ale 
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To illuſtrate this, let AF, CD, EB, (Fig. 
43.) repreſent three parallel Rays falling upon 
the concave Surface F B, whoſe Center is C. 


To the Points F and B draw the Lines CF, | 
CB; theſe being drawn from the Center will | 

be 
Caſe being now the Angles of Reflection, and vice wer/a) 
having the Point A for their Focus ; but this, from what was de-. | 


monſtrated above, is at an equal Diſtance from the reflefting 


Surface with the Point G, which in this Caſe is the imaginary } 


Focus of the incident Rays, FC, and AB. 


Obſervat. I. It is not here, as in the Refraion of Rays in | 
paſſing through a plain Surf .ce, where ſome of the refrafted Rays | 
proceed as from one Point, and ſome as from another (See Obſervat. | 
I. Chap. 3, in the Notes] but they all proceed after Reflection as | 

2 they may fall p- 
en the Surface ; for what is here demonſlrated of the Ray A 


from one and the ſume Point, however 0 


bolds equally of any other, as AI, AK, &c. 


'The Caſe of parallel Rays incident on a plain Surface, is in- 
cluded in this Propoſition ; for in that Caſe we are to ſuppoſe | 


the Radiant to be at an infinite Diſt .ince from the Surface, and 


then by the Propoſition, the Focus of the reflected Rays will be ; 
ſo too; that is, the Rays will le parallel after Reflefion, az they y 


Were before. 


Propoſition II. 
Of the Reflection of parallel Rays from a ſpherical Surface. 


When parallel Rays are incident upon a ſpherical Surface, the 
Focus of the reflected Rays will be the middle Point between the © 


Center of Convexity and the Surface. 


This Propoſition admits of two Caſes. 
Caſe I. Of parallel Rays falling upon a convex Surface. 


Dem. Let AB, DH, (Fig. 46) repreſent two parallel Rays ; 
incident on the convex Surface BH, the one perpendicularly, the | 


other obliquely; and let C be the Center of Convexity ; ſup- 


poſe HE to be the reflected Ray of the oblique Incident one | 
DH proceeding as from F, a Point in the Line AB produced. 
Through the . Point H draw the Line CI, which will be 
rpencG cular to the Sur a at that Point, and the Angles DHI 
aud IF, being the Angles of Incidence and Refleion, will be equal. 
hr es | To 


Py ö „ 


as CC as, 
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g. Ibe perpendicular to the Surface at thoſe Points. 
n The incident Ray CD alſo paſſing through 


-. the Center will be perpendicular to the Sur- 
„ face, and therefore will return after Reflection 
Il Fin the ſame Line; but the oblique Rays AF 
Ee | N 4 and 


; To the former of theſe, the Angle H CF is equal, the Lines AC 
e- ad D H being parallel, and to the latter the Angle CHF as being 
ng vertical; wherefore the Triangle CF H is I/oſceles ; and conſe- 
ry quently the Sides CF and FH are equal : But ſuppoſing BH to 

X vaniſh, FH is equal to FB, and therefore upon this Suppoſition 
FC and F B are equal, that is, the Focus of the reflected Rays is 
the middle Point between the Center of Convexity and the 
Surface. Q. E. D. 


Cafe II. Of parallel Rays falling upon a concave Surface. 


Den. Let AB, DH (Fig. 47) be two parallel Rays incident, 
the one perpendicularly, the other obliquely, on the concave 
n. I Surface BH, whoſe Center of Concavity is C. Let BF and 
* HF be the reflected Rays meeting each other in F; this 
will be the middle Point between B and C. For drawin 
through C the Perpendicular CH, the Angles DHC — 
FHC, being the Angles of Incidence and Reflection, will be 
equal, to the former of which the Angle HCF is equal, as 
alternate; and therefore the Triangle CFH is J1%/celes. 
Wherefore CF and F H are equal: But if we ſuppoſe BH 
to vaniſh, FB and FH are allo equal, and therefore CF is 
equal to FB; that is, the focal Diftance of the reflected Rays 
is the middle Point between the Center and the Surface. Q. E. D. 

Obſerwat. II. It is here obſervable, that the farther the Line 
DH, either in Figure the 46 or 47, is taken from A B, the nearer 
the Point F falls to the Surface. For the farther the Point H re- 
cedes from B, the larger the Triangle CFH will become; and con- 
ſequently fince it is always an Iſoſceles one, and the Baſe CH, being 
the Radius, is every where of the ſame Length, the equal Legs 
C F and F H will lengthen ; but C F cannot grow longer unleſs t 
Point F approach towards the Surface. And the farther H is re- 
moved from B, the faſter F approaches to it. 

This is the Reaſon, that whenever parallel Rays are conſidered, 
27 reffected from a ſpherical Surface, the Diſtance of the oblique one 
11 From the perpendicular one is taken ſo ſmall with respect to the 
al. 8 Focal Diftance of that Surface, that ' awitbout any phyſical Error 
o #7 may be ſuppoſed to vaniſh, 


from à concave Surface, as expreſſed by the pris ed Lines on the | 
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and EB will be reflected into the Lines FM 


and BM fituated on the contrary fide their ¶ fac 
reſpective Perpendiculars CF and CB. They 
will therefore proceed converging after Re- 
flection towards ſome Point as M, in the Line 
CD; which Point, by what is demonſtrated in 
the Note laſt referred to, will be in the Middle 
between C and D. 


III. 


' From hence it follows, that if a Number of parallel as 
AB, CD, EG, &c. fall pon a convex Surface, as expreſſed Fi. 
gure the 48, and if BA, DK, the reflected Rays of the incident | 
ones AB, CD, proceed as from the Point F, thoſe of the incident | 
ones CD, EG, viz. DK, GL, will proceed as from N, thoſe | 
of the incident ones EG, HI, as from O, &c. becauſe the farther | 
the incident ones CD, EG, c. are from AR, the nearer to the | 
Surface are the Points F, f, f, in the Line BF, from which they | 
proceed after Reflection; ſo that properly the Foci of the reflected 
Rays B A. DK, GL, &c. are not in the Line AB produced, but | 
in a curve Line paſſing through the Points F, N, O, &c. | | 
The ſame is applicable ta the Caſe of parallel Rays reflefted | 


other half of the Figure, where PD, RS, TV, are the incident | 
Rays; 2FSf,Ff, the reflected ones interſefing each other in the | 
Piinis X. Y, and F; fo that the Foci of thoſe Rays are not in the | 

Line FB, but in a Curve paſſing through thoſe Points, ; 

Had the Surface B H in Figure 46, or 47, been formed by the 

Revolution of & Parabola about its Axis having its Focus in | 

the Point F, all the Rays reflected from the convex Surface would Mac 
have proceeded as from the Point F, and thoſe reflected from the Mo; 
concave would haue fallen upon it, however diſtant their incident B 
one; AB, D H, might have been from each other, For in the in 
PBaraboli, / Lines drawn parallel to the Axis make Angles L 
with the Jangents to the Points where they cut the Parabola ( that Mv 
Fs, with the Surface of the Parabola) egval to thoſe which are a. 
made with the ſame Tangents by Lines drawn from thence to the is 
Focus. (De L' Hoſpital Sections Coniques. Liv. I. Prop. 5.) 7 
Therefore, if the incident Rays deſcribe thoſe parallel Lines, the F 
reflected ones avill necearily deſeribe theſe other, and ſo will al Wt 


Proceed as from, or meet in, the ſame Point. R 


Pror 
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MY III. Converging Rays falling on the like Sur- 
ir face are made to converge more. 

For every thing remaining as above, let 
GF, HB, be the incident Rays. Now be- 
cauſe theſe Rays have larger Angles of Inci- 
dence than the parallel ones AP and EB 
in the foregoing Caſe, their Angles of Re- 
flection will alſo be larger than theirs; they 
will therefore converge after Reflection, ſuppoſe 
in the Lines FN, and BN, having their Point of 


Con- 


Propoſition III. 
Of the Reflection of diverging and converging Rays from a ſpherical 


Surface. 


2 N When Rays fall upon any ſpherical Surface, if they diverge, the 

* Diſtance of the Focus of the reflected Rays from the Surface is to the 

Difance of the Radiant Point from the ſame ( or, if they converge, 

= that of the imaginary Focus of the incident Rays) as the Ds. 

%; ace of the Focus of the refletted Rays from the Center is to the 

ns Diflance of the Radiant Point (or imaginary Focus of the inci- 
dent Rays ) from the ſame. 


This Propoſition admits of ten Caſes, 
Caſe I. Of diverging Rays falling upon a convex Surface. 


Dem. Let RB, RD (Fig. 49) repreſent two diverging Rays 
flowing from the Point R as from a Radiant, and falling the 
one perpendicularly, the other obliquely, on the convex Surface 
BD, whoſe Center is C. Let DE be the reſſected Ray of the 
incident one RD, produce E D to F, and through R draw the 
Line RH parallel to FE till it meets CD produced in H. Then 
will the Angle RHD be equal to E DH the Angle of Reflection, 
as being alternate to it, and therefore equal alſo to RDH which 
is the Angle of Incidence ;- wherefore the Triangle DRH is 
I/o/celes, and conſequently DR is equal to RH. Now the Lines 
FD and RH being parallel, the Triangles FDC and RHC are 
ſimilar, (or to expreſs it in Euclid's Way, the Sides of the Triangle 
HC are cut proportionably. 2 Elem. 6) and therefore FD ia 

to 


e PISS" 


% r 


l 
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Concourſe N farther from C than' the Point 


M; that to which the parallel Rays AF and 
EB converged to in the foregoing Caſe: And 
their preciſe Degree of Convergency as deter- 
mined in the Note, will be greater than that 


wherein they converged before Reflection. 


IV. Diverging Rays, falling upon the like 
Surface, are after Reflection parallel, diverging, | 
or converging. If they diverge from the Focus | 
of parallel Rays, they then become parallel; if 

from s 
to RH, or its equal RD, as CF to CR; but B D wani/ing, FD || 
and RD differ not from FB and RB, wherefore FB is to RB alſo, 


as CF to CR; that is, the Diſtance of the Focus from the Surface 
is to the Diſtance of the Radiant Point from the ſame, as the Di- 


ſtance of the Focus from the Center is to the Diſtance of the Ra- 


diant from thence. Q. E. D. | 
Caſe II. Of converging Rays falling upon a concave Surface. 


Dem. Let KD and CB be the converging incident Rays having 1 
their imaginary Focus in the Point R, which was the Radiant in 
the foregoing Caſe. Then as RD was in that Caſe reflected into 


DE, KD will in this be reflected into DF; for, ſince the Angles 
of Incidence in both Caſes are equal, as they are by being wertical, 


the Angles of Reflection will be ſo too; ſo that F will be the 
Focus of the reflected Rays: But it was there demonſtrated that 
F B is to RB as CF to CR, that is, the Diſtance of the Fc, 
from the Surface is to the Diſtance (in this Caſe) of the imaginary q 
Focus of the incident Rays, as the Diſtance of the Focus from the 
Center is to the Diſtance of the imaginary Focus of the incident 


Rays from the ſame. Q, E. D. 


Caſe III. Of converging Rays falling upon a convex Surface, and 4 


tending to a Point between the Focus of parallel Rays and the 
Center. | 


Dem. Let B D (Fig. Fo) repreſent a convex Surface whoſe Y 
Center is C, and Focus of parallel Rays is P; and let AB, K D, 


be two converging Rays incident upon it, and having their ima- 


zinary Focus at R, a Point between P and C. Now becauſe KD 
tends 


r 


lat if in any Caje the reflected Ray be made the incident one, 
> 2 
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from a Point nearer to the Surface than that, 
they will diverge, but in a leſs Degree than be- 
fore Reflection; if from a Point between that and 
the Center, they will converge after Reflection, 
and that to ſome Point on the contrary Side 
the Center, but ſituated farther from it than 
the Point they diverged from: If the incident 
Rays diverge from a Point beyond the Center, 


the reflected ones will converge to one on 


the other Side of it, but nearer to it than 
| the 


tends to a Point between the Focus of parallel Rays ind the 


43 Center, the reflected Ray D E will diverge from ſome Point on 


the other Side the Center, ſuppoſe F; as explained above in the 
Text under Propoſition the VIIth. Through D draw the Per- 

ndicular CD and produce it to H, then will K D H and H DE 

the Angles of Incidence and Reflection, which being equal, 
their vertical ones RD C and CD will be fo too, and therefore 
the Vertex of the Triangle RD F is biſected by the Line DC: 
Wherefore {3 El. 6) F D and D R, or, BD vaniſhing, FB and 


WM BR are to each other as F C to CR; thit is, the Diltance of the 
Focus of the reflected Rays is to that ot the imagin:iry Focus of the 


incident ones, as the Diſtance of the former trom the Center is 
to the Diſtance of the latter from the ſame. Q. E. D. 


Caſe IV. Of diverging Rays filling upon a concave Surface 
and proceeding from a Point between the Focus parallel Rays and 
the Center, | 


Dem. Let RB, R D, be the diverging Rays incident upon the 


5 concave Surface B D, having their Radiant in the Point R, the 


imaginary Focus of the incident Rays in the foregoing Caſe. 
Then as KD was in that Caſe reflected into DF, RD will now 
be reflected into DF. But it was there demonſtrated that FB and 


RB are to each other as CF to CR; that is, the Diſtance of 


the Focus is to that of the Radiant, as the Diftance of the former 


7 from hs Center is to the Diſtance of the latter from the ſame, 


The Angles of Incidence and Reflection being equal, it is evident, 


the 
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1 the Point they diverged from; and if they | 
. diverge from the Center, they will be reflected 


| thither again. | 
1. Let them diverge in the Lines MF, MB, a 
| proceeding from M the Focus of parallel 1 


Rays; then as the parallel Rays AF and EB | 
were reflected into the Lines FM and BM 
1 (Propoſit. 2) theſe Rays will now on the con- 


\ trary be reflected into them. P 
i 2. Let them diverge from N a Point nearer *' 
| to the Surface than the Focus of parallel Rays, 0 
q they will then be reflected into the diverging Wt” 


Lines 


1 the incident will become the reflected one: And therefore the four | 
| following Caſes may be conſidered reſpectiwely as the Converſe of the | 
four foregoing ; for in each of them the incident Rays are ſuppoſed © 
+ to coincide with the reflected ones in the other. Or they may 4 
1 monſlrated independently of them as follows. 4 
4 Ca/e V. Of converging Rays falling upon à convex Surface, 
and tending to a Point nearer the Surface than the Focus of parallel 
Rays. "3 
Dem Let ED, RB (Fig. 49) be the converging Rays inci- 
dent uf on the cenvex Surface B D whoſe Center is C, and Focus of 
Parailel Rais is at P; and let the imaginary Fccus of the incident 
Rays be at F, a Point between P and B, and let DR be the re- 
flected Ray. Prom C and R draw the Lines CH, RH, the one 
paſſing through D, the other parallel to FE. Then will the 
Angle R H D be equal to H DE, the Angle of Incidence, as alter- 
nate to it, and therefore equal to HDR, the Angle of Reflection; 
wherefore the Triangle HD E is 1//ce/cs, and conſequently DR 
is equ.} to RH, Now the Lines FD and RH being parallel, 
the ſri:ngles FDC and RHC are fimilar, and therefore RH, or 
RD, is to F D as C Ro CH; but BD vaniſhing, RD and 1D 
coincide with RB end FB, wheretore KB is to FB as CR to CF; 
that is, the Diſtance of the Focus from the Surface is to the 
Diſtance of the imaginary Focus of the incident Rays, as the Di- 
ſtance of the Focus from the Center is to, the DiPance of the im- 
ginary Focus of the incident Rays from the ſame. Q. E. PD. * 5 
1 | 


fy. 
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Lines FG and BH which the incident Rays 
A = GF and HB deſcribed, that were ſhewn to be 
reflected into them in the foregoing Propo- 
. ſition; but the Degree wherein they diverge, 
Jas demonſtrated in the Note, will be leſs 
3 than that wherein they diverged before Re- 
1 flection. | 
Z. Let them proceed diverging from X a 
Point between the Focus of parallel Rays 
and the Center, they then make leſs Angles 
Jof Incidence than the Rays MF and MB 
which became parallel by Reflection, they will 
conſequently have leſs Angles of Reflection, 
and proceed therefore converging towards ſome 
Point as. Y; which Point will always fall an 
the contrary Side the Center, becauſe a re- 


O flected 


Caſ VI. Of diverging Rays falling upon a concave Surface, and 
Procecding from a Point between the Focus of parallel Rays and the 
s Wourface, 

= Dem. Let FD and FB repreſent two diverging Rays flowing 
from the Point F as a Radiant, which was the imaginary Focus 


ent of the incident Rays in the ſoregoing Caſe. Then as E D was in 
— hat Caſe reflected into DR, FD will be reflected into DK, (for 


the Reaſon mentioned in Caſe the ſecond) fo that the reflected 
Ray will proceed as from the Point R: But it was demonſtrated 
In the Caſe immediately before-going, that RB is to FB as CR to 
ref; that is, the Diſtance of the Focus from the Surface is to thot 
f the Radiant ſrom the ſame, as the Diſtance of the former from 
he Center is to that of the latter from the ſame. Q. E. D. 


Caſe VII. Of converging Rays falling upon a convex Surface, 
nd tending towards a Point beyond the Center. | 


ary Den. Let AB, ED, (Fig. 5o) be the incident Rays muy 
na F, a Point beyond the Center C, and let DK be the reflecte 


Hay of the incident one ED. Then becauſe the incident 15 
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flected Ray always falls on the contrary Side | 
the Perpendicular with reſped to that on which 
its incident one falls; and, as demonſtrated in * 
the Note, it will, be farther diſtant from the 
Center than X. g 

4. If the incident ones diverge from V, they | 
will after Reflection converge to X, thoſe which 
were the incident Rays in the former Cale bang 
the reflected ones in this. 

And laſtly, if the incident Rays proceed | 
from the Center, they fall in with their re- 
ſpective Perpendiculars, and for that Reaſon | 
are reflected thither again. 4 

V. Parallel Rays reflected from a convex þ 
Surface are rendered diverging. 


To ſhew this, let AB, GD, EF, (Fig. 401 


be three parallel Rays falling upon the convex at 
Sur- 
ED tends to a Point beyond the Center, the reflected Ray D K . 
will proceed as from one on the contrary Side, ſuppoſe R; as ex. Ich. 
plained in the Text under Propoſition the VIith. Through D Kor 
draw the Perpendicular CD and produce it to H. Then well! th 


FDH and HD K be the Angles of Incidence and Reflection, | 
which being equal, their vertical ones CD F and CDR will be ſo 
too: Conſequently the Vertex of the Triangle FDR is biſected by 
the Line CD: Wherefore (3 Elem. 6) RD is to DF, or BD va- 3 
niſhing, R Bis to BF as RC to CF; that is, the Diſtance of the 
Focus of the reflected Rays is to that of the imaginary Focus of 
the incident Rays, as the Diſtance of the former from the Cen- 
ter is to the Diſtance of the latter from the ſame. Q. E. D. 3 K 


Caſe VIII. Of diverging Rays falling upon a concave Surfact, 
and proceeding from a Point beyond the Center. * 
Dem. Let F B, F D, be the incident Rays having their Radiant A 
in F, the imaginary Focus of the incident Rays in the foregoing MF 
Caſe. Then as ED was in that Caſe reflected into DK, FD 1 


will now be reflected into DR; fo that R will be the Focus of the 4 
e. 4 


C 
c 


ef 
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Surface BF whoſe Center of Convexity is C, 
and let one of them, vig. GD, be perpendi- 
cular to the Surface: Through B, D, and F, 
the Points of Reflection, draw the Lines C V, 
CG, and CT, which becauſe they paſs through 
the Center will be perpendicular to the Sur- 
face at thoſe Points. The incident Ray GD 
being perpendicular to the Surface will re- 
turn after Reffection in the fame Line, but 
the oblique ones AB and EF in the Lines 
BK and FL fituated on the contrary Side 
their reſpective Perpendiculars BV and FT. 
They will therefore diverge after Reflection 
Jas from ſome Point M in the Line GD 
produced; which Point, as demonſtrated in 
the Note, will be in the middle between D 


and Ga 
O 2 „ 


reflected Rays. But it was demonſtrated in the foregoing Caſe, 
that RB is to FB as RC to CF; that is, the Diſtance of the Focus 
Pot the refleted Rays from the Surface is to the Diſtance of 
the Radiant from the ſame, as the Diſtance of the Focus 
of the reflected Rays from the Center is to the Diſtance of 
the Radiant from thence. Q. E. D. 
Te two remaining Caſes may be conſidered, as the Converſe of 


7A 3 thoſe under Propoſition the ſecond of this Note, becauſe the inci- 
«| ent Rays in theſe are the reflected ones in them; or they may be 
ops Nemonſtrated in the ſame Manner with the foregoing, as follows. 


= C2/e IX. Conwerging Rays falling upon a convex Surface, and tend- 
g to the Focus of 3 N parallel after Reflection. 


, Den. Let E P. RB. (Fig. 49.) repreſent two converging Rays 


ecident on the convex Surface BD, and tending towards F, which 
lian e ſ will zow ſuppoſe to be the Focus of parallel Rays; and let DR 
oing ie the reflected Ray and C the Center of Convexity of the 
F D Peflecting Surface. Through C draw the Line CD, and produce 

g 15 


2 
2 


the 


are reflected thither again. 
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flected Ray always falls on the contrary Side 
the Perpendicular with reſpeQ to that on which 
its incident one falls; and, as demonſtrated in 
the Note, it will, be farther diſtant from the | 
Center than X. N 

4. If the incident ones diverge from V, they 
will after Reflection converge to X, thoſe which 
were the incident Rays in the former Caſe being 
the reflected ones in this. 

And laſtly, if the incident Rays proceed 
from the Center, they fall in with their re- 
ſpective Perpendiculars, and for that Reaſon | 


V. Parallel Rays reflected from a convex | 

Surface are rendered diverging. 
To ſhew this, let AB, GD, EF, (Fig. 44)} 
be three parallel Rays falling upon the convex | 
Sur- | J 


ED tends to a Point beyond the Center, the reflected Ray D x | \ 
will proceed as from one on the contrary Side, ſuppoſe R; as ex. 
plained in the Text under Propoſition the VIIch. Through D 
draw the Perpendicular CD and produce it to H. Then lll! 


FDH and HD K be the Angles of Incidence and Reflection, 4 + 
which being equal, their vertical ones CD F and CDR will be ſo th 
too: Conſequently the Vertex of the Triangle FDR is biſected by i 

the Line CD: Wherefore (3 Elem. 6) RD is to DF, or BD va- Þ 


niſhing, R Bis to BF as RC to CF; that is, the Diſtance of the 
Facts of the reflected Rays is to that of the imaginary Focus af | 
the incident Rays, as the Diſtance of the former from the Cen- 

ter is to the Diſtance of the latter from the ſame. Q. E. D. 4 


Caſe VIII. Of diverging Rays falling upon a concave N 
and proceeding from a Point beyond the Center. 

Dem. Let F B, F D, be the incident Rays . their Radiant 
in F, the imaginary Focus of the incident Rays in the er of e 
Caſe. Then as ED was in that Caſe reflected into D K, FD 


will now be reflected into DR ; fo that R will be the Focas of the 
16. 5 
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Surface BF whole Center of Convexity is C, 
and let one of them, vig. GD, be perpendi- 
cular to the Surface: Through B, D, and F, 
the Points of Reflection, draw the Lines C V, 
CG, and CT, which becauſe they paſs through 
the Center will be perpendicular to the Sur- 
face at thoſe Points. The incident Ray GD 
being perpendicular to the Surface will re- 
turn after Reflection in the fame Line, but 
the oblique ones AB and EF in the Lines 
BK and FL fituated on the contrary Side 
their reſpective Perpendiculars BV and FT. 
They will therefore diverge after Reflection 
as from ſome Point M in the Line GD 
produced ; which Point, as demonſtrated in 


14) the Note, will be in the middle between D 
4 pe 

D K BY refleted Rays. But it was demonſtrated in the foregoing Caſe, 
15 that RB is to FB as RC to CF; that is, the Diſtance of the Focus 

11 Por the reflected Rays from the Surface is to the Diſtance of 
5 the Radiant from the ſame, as the Diſtance of the Focus 
— of the reflected Rays from the Center is to the Diſtance of 
115 the Radiant from thence. Q. E. D. | 
Tyne two remaining Caſes may be conſidered, as the Converſe of 
** thoſe under Propoſition the ſecond of this Note, becauſe the inci- 

7 ent Rays in theſe are the reflected ones in them; or they may be 
WE emonſtrated in the ſame Manner with the foregoing, as follows. 


Caſe IX. Conwerging Rays fallin upon a convex Surface, and tend- 
ing to the Focus of parallel Rays, = parallel after Reflection. 


Dem. Let E D, RB, (Fig. 49.) repreſent two converging Rays 
Macident on the convex Surface BD, and tending towards F, which 
pc will zow ſuppoſe to be the Focus of parallel Rays; and let PR 
e the reflected Ray and C the Center of Convexity of the 
Pellecting Surface. Through C draw the Line CD, and produce 
. 10 
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VI. Diverging Rays reflected from the like 
Surface are rendered more diverging. 

For, every thing remaining 'as above, let | 
GB, GF, be the incident Rays. Theſe having 
larger Angles of Incidence than the parallel 
ones AB and EF in the preceeding Caſe, | 
their Angles of Reflection will alſo be larger 
than theirs; they, will therefore diverge after 
Reflection, ſuppoſe in the Lines BP and FQ, 
as from ſome Point N farther from C than | 
the Point M; and the Degree wherein they 
will diverge, as determined in the Note, 
will exceed that wherein they diverged before | 4 


vir. | ; 


J 


bj, a K- — — — Had 


Land 


it to H, drawing RH parallel to ED produced to F. Now it has 
been and (Caſe 5) where the incident Rays are ſuppoſed 
to tend to the Point F, Par RB is to FB as RCto CF: But F 
in this Caſe being ſuppoſed to be the Focus of parallel Rays, it is 
the middle Point between C and B (by Propoſition 2d) and 
therefore FB and FC are equal, and conſequently the two other 
Terms in the Proportion, wiz. RB and RC, mult be ſo too; which 
can only be upon a Suppoſition that R is at an infinite Dillance 
from B; that is, that the reflected Rays BR and DR be parallel. 
Q. E. D. ; 
Caſe X. Diwverging Rays falling upon a concave Surface, and 
proceeding from the Focus of parallel Rays, become parallel after 
Reflection. 3 
Dem. Let RD, R B (Fig. 8 be two diverging Rays incident 
upon the concave Surface BD, as ſuppoſed in Caſe the fourth; 
where it was demonſtrated that FB is to RB as CF to CR. But 
in the preſent Caſe RB and CR are equal, becauſe R is ſuppoſed 
to be the Focus of parallel Rays; therefore FB and FC are ſo 
too. Which cannot be unleſs F be taken at an infinite Diſtance WM 
from B; that is, unleſs the reflected Rays BF and DF be 


parallel Q, E. D. . 
Obſervat. 1 


+ A rs fa © — 4 — 


73 Point D is taken 
% laue Rays, approaches to B, while the Racunt R remains 
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VII. Converging Rays reflected from the 


like Surface, are parallel, con verging or di- 
verging. If they tend towards the Focus of 
parallel Rays, they then become parallel; if 
to a Point nearer the Surface than that, they 
converge, but in a leſs Degree than before Re- 
flection; if to a Point between that and the 
Center, they ſhall diverge after Reflection, as 
from ſome Point on the contrary Side the Cen- 
ter, but ſituated farther from it than the Point 
they converged to; if the incident Rays con- 
verge to a Point beyond the Center, the re- 
flected ones will diverge as from one on the 
contrary Side of it, but nearer to it than the 
Point the incident ones converged to: And 
if the incident Rays converge towards the 


Center, the reflected ones will proceed as from 
thence, 


O 3 1. Let 


Obſervat. 3. 1 is here obſervable, that in the Caſe of diverging 
Rays falling upon a convex Surface ( ſee Fig. 49) the farther the 
from B, the nearer the Point F, the ocus of 


the ſame. For it is evident from the Curwat re F a Circle that 


be Paint D (/ce Fig. 51) may be taken /o far from B, that the 


reflected Ray DE ſhall proceed as from F, G, H. or even from B, or 


om any Point between B and N, and the farther it is taken from 


B, the f ter the Point, from which it proceeds, approaches towards 
R. As will eafily appear if we draw ſeveral incident Rays with 


mr reſpect ive reflected ones, in ſuch Manner that the Angles of 
Rf ion may be all equal to their respective Angles of Incidence, 
1 done in the Figure. The like is applicable to any of the other 


Caſes 
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Let them converge in the Lines KB and | 
| LF tending towards M the Focus of parallel | 
Rays; than as the parallel Rays AB, EF were 
reflected into the Lines BK and FL (Pro- 
Polit. 5) tho Rays will naw on the contrary * 
be refleted into them. : 

2. Let them converge in the Lines PB, QF, 
tending towards N a Point nearer the Surface 
than the Focus of parallel Rays, they will then 
be reflected into the converging Lines BG 
and FG, in which the Rays G B, GF, pro- 
ceeded that were ſhewn to be reflected into 


; = 
em 

. - 1.9 

4 

2 


Cafes of diverging or converging Rays incident upon a ſpherical 
Surface, This is the Reaſon that, when Rays are conſidered as 
reflected from a ſpherical Surface, the Diflance of the oblique Rays A 
from _— perpendicular one is talen ſo ſmall, that it may he Suppoſed 
to vaniſh, 4 
From hence it follows, that jf a Number of diverging Rays are 
incident upon the convex Surface B D at the /everal Points B, D, D, 
&c, they ſhall not proceed after Reflection as from any one Point in 


the Line RB produced, but as from a curve Line paſſing through . 


the ſeveral Points F, f, f, &c. The ſame is applicable in all th 
other Caſes, 4 

Had the Curvature BD ( Fig. 49) been Hyperbolical hawing ® 
its Foci in R and F, then R being the Radiant 2 or the imaginary 
Focus of incident Rays] F would have been the Focus of the reſlectei 


ones, and vice verlag, however diſtant the Paints B and D might 
be taken from each other. In like Manner had the Curve BD 
(Fig. 56.) been Elliptical having its Foci in Fand R, the one of 
theſe being made the Radiant (or imaginary Focus of incident 


Rays ) the other evould have been the Focus of the reflected ones, 2 


and vice verſa. For both in the Hyperbola and Ellypſis, Line is 


drawn from each of their Foci through any Point make equal Anglu 
with the Tangent to that Point 3 ( De L'Hoſpital eftions Cor I 


piques, Lie. II. Prop. 8. &. Liv. III. Prop. 11.) Therefore, "| 
tae incident Rays proceed to or from one of their Foci, the ref 
x gndi 1 


1 . Ai ins. Vs. os S KK ©® 
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them in the Propoſition immediately foregoing: 
but the Degree wherein they will converge, as 
demonſtrated in the Note, will be leſs than 
that wherein they converged before RefleQion. 
3. Let them converge in the Lines RB and 
SF proceeding towards X, a Point between 
the Focus of parallel Rays and the Center ; 
their Angles of Incidence will then be leſs 
than thoſe of the Rays K B and LF which 
became parallel after Reflection, their Angles 


O 4 of 


ones will all proceed, as from or to the other, So that in order that 
diverging or converging Rays may be accurately reflected to or from 
a Point, the reflecting Surface muſt be formed by the Revolution of 
an Hyperbola about its longer Axis, when the incident Rays art 
uch that their Radiant, or imaginary Focus of incident Rays, ſhall 
Fall on one Side the Surface, and the Focus of the reflected ones 
on the other : When they are both to fall on the ſame Side, it muſt 
be formed by the Revolution cf an Ellipſis about its longer Axis. 
However upon Account of the great Facility with which /pherical 
Surfaces are formed in Compariſon of that with which Surfaces, 
formed by the Revolution of any of the Conic Sections about their 
Axes, are made, the latter are very rarely uſed. Add to this 
another Inconvenience, viz. that, the Foci of theſe Curwes being 
Mathematical Points, it is but one Point of the Surface of an Ob- 
Jed that can be placed in any of them at a Time, ſo that it is only 
in Theory that Surfaces formed by the Revolution of theſe Curves 
about their Axes render Refleftion perfect. 


Now becauſe the focal Diſtance of Rays reflected from a ſphe- 
rical Surface cannot. be found by the Analogy laid down in the 
third Propoſition of this Note, without making uſe of the Quan- 
tity ſought ; I ſhall here give an Inſtance whereby the Method 
of doing it in all others will readily appear, | 
Prob. Let it be required to find the focal Diſtance of diverging 
Rays incident upon a convex Surface, whoſe Radius of Convexity 
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of Reflection will therefore be leſs, on which | 


Account they muſt neceſſarily diverge, ſuppoſe 
in the Lines BH and FI, from ſome Point as 
V which Point for the Reaſon given under 
Propoſition the fourth will fall on the contrary 
Side the Center with reſpect to X, and, as de- 
monſtrated in the Note, will be farther from 
it than that. 


reflected ones will diverge as from X, thoſe, 


which 


is 5 Parts, and the Diſtance of the Radiant from the Surface 


15 20. | | 
Sol. Call the focal Diſt:nce ſought x, then will the Diſtance 


of tue Focus from the Center be 5--x, and that of the Radiant 
from the ſame 25; therefore by Propoſition the third, we have 
x: 25, and, 
multiplying Extreams together and Means together, we have 
25 X, = 100— 20 æ, Which after due Reduction gives x. i 


the follow 'nz Proportion, wiz. x: 20: : 5 


—— 100 


82. : 8 

It in any Caſe it ſhould happen, that the Value of x ſhould be 
a negative Quantity, the focal Point muſt then be taken on the 
contrary Side the Surface to that on which it was ſuppoſed that 


it would fall in ſtating the Problem. 


If Letters inſtead of Figures had been made uſe of in the L 
foregoing Solution a general 7eorem might have been raiſed, 


to have determined the focal Diſtance of reflected Rays in all 


Caſes whatever. Ste this done by Dr. Brown in his Supplement 


to Gregory's Optics, pag. 112. Edit. Second. 


Becauſe it was obſerved (Chap. III. in the Notes) that diffe- 4 


rent incident Rays, though tending to or from one Point, would af- 
ter Refraction proceed to or from different Points, a Method was 
there inſerted of determining the iind Point, which each ſepa- 
rate Ray entring a ſpherical Surface converges to or diverges from 


after R:f-a&ion: The ſame has been obſerved here with regard to 
Rays reflected from a ſpherical Surface, (ſee Ob/ervat. 2 & 3) 
| but 


J 


4. If the incident Rays tend towards V, the 
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which were the incident ones in one Caſe, 
being the reflected ones in the other. 
And laſtly, if the incident Rays converge 


. 


er towards the Center, they fall in with their 
ry reſpective Perpendiculars; on which Ac- 
e- count they proceed after Reflection, as from 


thence. : . 


but the Method of determining the di/tin# Point, to or from 
which any given incident Ray proceeds after Nflecion, is much 
more ſimple, It is only neceſſary to draw the reflected Ray ſuch, - 
that the Angle of Reflection may be equal to the Angle of In- 
XX cidence, which will determine the Point it proceeds to or from 
In any Caſe whatever, 


Cr. 
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Cray. X. 


Of the Appearance of Bodies ſeen 


Light reflecled from plain and fphe- | 


ical Sur faces. 


N the Beginning of the ſeventh Chapter, in 
which was explained the Appearance of | 
Bodies feen through refra#ting Subſtances of | 
various Forms, we laid down ſome Obſerva- | 
tions reſpecting the apparent Situation of Bodies | 


ſeen by refraFed Light: All which equally 


reſpect the apparent Situation of Bodies ſeen by } 
Reflection, to them therefore we refer the 
Reader. But beſides thoſe, there is one pecu- | 
' Har to the Subject of this Chapter, viz. That | 
each Point in the Repreſentation of an Object 
made by Reflection appears fituated ſomewhere i 
in an infinite right Line that paſſes through its | 
correſpondent Point in the Object, and is per- 


pendicular to the reflecting Surface. 


The Truth of this appears ſufficiently from 5 
the ſeveral Propoſitions laid down in the fore- | 
going Chapter, in each of which Rays flowing | 


from any Radiant are ſhewn to proceed at- 
ter Reflection to or from ſome Point in a 


Line that paſſes through the ſaid Radiant, and i 

is perpendicular to the reflecting Surface. For 

Inſtance (Fig. 43) Rays flowing from 1 
are 


* as FLY Aa wu 
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are collected in X, a Point in the Perpendi- 
cular CD, that produced paſſes through ; 
again (Fig. 44) Rays flawing from G proceed 
2 Reflection, as from N, a Point in the Per- 
pendicular CD, that produced paſſes through 
G; and ſo for the reſt (a)) 

I. When an Object is ſeen by Reflection 
from a plain Surface, the Image of it appears 
at the ſame Diſtance behind the Surface that 


in the Object is placed before it, of the ſame 
of FF Magnitude therewith, and directly oppo/ite to it. 
of F To explain this, let AB (Fig. 52) reprefent 
a- an Object ſeen by Reflection from the plain 
es Surface SV, and let the Rays AF, AG be fo 
ly &F inclined to the Surface that they ſhall enter 
by an Eye at H after Reflection; and let AE be 
he 
u- a) This Obſeryation, except where an Object is ſeen by Re- 
u | 1 22 from a plain Surface, relates only to thoſe Caſes where the 
"at == Repreſentation is made by means of ſuch Rays, as fall upon the re- 
ef? flecting Surface with a very ſmall Degree of Obliquity ; becauſe 
re 8 fuch, as fall at a conſiderable Diſtance from the Perpendicular, 
proceed not after Reflection as from any Point in that Perpendicu- 
11 I c (ſee the ſecond and third Obſeryations in the Note to the fore- 
r- going Chapter) but as from other Points ſituated. in à certain 
E urve, as there explained; upon which Account theſe Rays are 
neglected as forming a confuſed and deformed Repreſentation, 
om And therefore it is ta be remembered, that however the Situation 
re- of the Eye, with reſpect to the Object and reflecting Surface 
„may be repreſented in the followin Figures, it is to be ſuppoſed 
ing 1 as ſituated, in ſuch, M mer with 1 to the Object, that Rays, 
af- owing from thence and entring it after Reflection, may he ſuch 
only as fall with a very ſmall Degree of Obliquity upon the 
1 4 Surface ; that is, the Eye muſt be ſuppoſed to be 2 almoſt 
ind directiy behind the Object, or between it and the reflęcting 
For! Surface. The Reaſon why it is not always ſo placed, is only 
y do avoid Confuſion in the Figures. 1 | 
are perpen- 
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perpendicular to the Surface: Then by the Ob- 
ſervation juſt laid down, the Point A will ap- 
pear in ſome Part of the Line AE produced, 


ſuppoſe I; that is, the oblique Rays AF and AG 


will proceed after Reflection as from that 
Point, and further, becauſe the reflected Rays 
FH, GK, will have the ſame Degree of Incli- 
nation to each other, that their incident ones 
have (as was ſhewn in Propoſition the firſt 
of the foregoing Chapter) that Point muſt ne- 
ceſſarily be at the ſame Diſtance from the 
Surface that the Point A is; the Repreſenta- 
tion therefore of the Point A, will be at the 
ſame Diſtance behind the Surface, that the 
Point itſelf is before it, and directly oppoſite 
to it: Conſequently ſince the like may be ſhewn 
of the Point B, or any other, the whole Image 
IM will appear at the ſame Diſtance behind 
the Surface that the Object is before it, and 
directly oppoſite to it; and becauſe the Lines 
AI, BM, which are perpendicular to the 
plain Surface, are for that Reaſon parallel to 
each other, it will alſo be of the ſame Mag- 
nitude therewith. As was to be ſhewn (6). 

II. When an Object is ſeen by Reflection 
from a convex Surface, its Image appears 


nearer to the Surface, and /eſs than the 
Object. 


Let 


(%) [f the Obje& be placed before a common Looking-glafs, 


and viewed obliquely, three, four, or more Images of it will 
appear behind the Glaſs. 1 
0 


— —— 


0 


** 
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Let AB (Fig. 54) repreſent the Object, SV 
z refleing Surface, whoſe Center of Convexity 
Wis C: And let the Rays AF, AG, be ſo inclined 
to the Surface, that after Reflection thereat, 
they ſhall enter the Eye at H: And let AE be 
perpendicular to the Surface: Then will the 
oblique Rays AF, AG, proceed after Reflection 
as from ſome Point in the Line AE produced, 
(by the Obſervation laid down at the Beginning 
of this Chapter) ſuppoſe from I; which Point, 
becauſe the reflected Rays will diverge more 


To explain this, Jet ABCD (Fig. 53) repreſent the Glaſs, and 
let EF be the Axis of a Pencil of Rays flowing from E, a Point 
in an Object ſituated there. The Rays of this Pencil will in Part 
be reflected at F, ſuppoſe into the Line FG, (ſee the Manner in 
which Light is reflected Chap. 18.) What remains will (:fter 
Refraction at F which we don't confider herc) paſs on to H; 
from whence (on Account of the Quickſilver which is ſpread over 
the ſecond Surface of Glaſſes of this Kind to prevent any of the 
Rays from being tranſmitted there) they will be ſtrongly reflected 
to K. where Part of them will emerge and enter an Eye at L: 
By this means one Repreſentation of the ſaid Point v ill be formed 
in the Line LK produced, ſuppoſe in M. Again, another 
Pencil whoſe Axis is EN, firſt reflected at N, then at O, and 
afterwards at P, will form a ſecond Repreſentation of the ſame 
Point at Q. And thirdly, another Pencil whole Axis is E R, 
after Reflection at the ſeveral Points R, 8, H, T, V, ſucceſſively, 
will exhibit a third Repreſentation of the ſame Point at X; and 
ſo on in infinitum. The ſame being true of etch Point in the 
Object, the whole will be repreſented in the like Manner; but 
the Repreſentations will be faint, in Proportion to the Number 
of Reflections the Rays ſuffer and the Length of their P:ogreſs 
within the Glaſs. We may add to theſe another Repretenta tion 
of the ſame Object in the Line LO produced, made by ſuch of 
the Rays as fall upon O, and are from thence reflected to the 
Eye at L. | 

This may be tried by placing a Candle before the Glaſs as at 
E, and viewing it obliquely, as from L. | 


than 


—_ - ů > 1 


greater or leſs. 


than its Focus of parallel Rays, the Image falls 
on the oppoſite Side the Surface, is more diſtant 


* * 

4 
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than the incident ones (Prog, the ſixth of the 
foregoing Chapter) muſt be nearer to the Sur- 
face than the Point A. And ſinee the ſame 
is true alſo of the Rays which flow from B, 
or any other Point, the Repreſentation IM 
will be nearer to the Surface than the Object; 
and becauſe it is terminated. by the Perpen- 
diculars AE and BF which incline to each 
other, as concurring at the Center, it will alſo 
appear /eſs. : J 

III. When an Object is ſeen by Reflection 
from a concave Surface, the Repreſentation of 
it is various, both with regard to its Magni- 
tude and Situation, according as the Diſtance 
of the Object from the refſecting Surface is 


1. When the Object is nearer to the Surſace, 3 


from it, and lar ger than the Object. 9 

Fhus, let AB, (Fig. 55) be the Object, SV 8 
the refleting Surface, F the Focus of parallel 
Rays, C its Center. Through A and B the t 
Extremities of the Object draw the Lines 
CE, CR, which: will be perpendicular to the 
Surface, and let the Rays AR, AG, be inci- 
dent upon ſuch Points of it that they fhall be 
reffected into an Eye at H. Now becauſe the 
Radiant Points A and B are nearer the Surface 
than F the Focus of parallel Rays, the reflected 
Rays will diverge (Chap. IX. Prop. 4) we =. 

; WII 


80 
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I will therefore proceed as from ſome Points on 
the oppoſite Side the Surface; which Points, 
by the Obſervation laid down at the * Ne 
of this Chapter, will be in the Perpendiculars 
AE, BR, produced, ſuppoſe in I and M: But 
i; they will diverge in a leſs Degree than their 
i= Mincident ones (ſee the Propoſition juſt referred 
to) and therefore the faid Points will be farther 
o from the Surface than the Points A and B. 
The Image therefore will be on the oppoſite 
Side the Surface with reſpect to the Object, 


of Mit will be more diffant than it, and conſe- 
li- quently, being terminated by the Perpendi- 


culars CI and CM, it will alſo be larger. 
2. When the Object is placed in the Focus 
Jof parallel Rays, the refleted Rays enter the 
Eye parallel (Chap. IX. Prop. 4) in which 
Caſe the Image ought to appear at an infinite 
Piſtance behind the reflecting Surface; but 
the Repreſentation of it, for the like Reaſons 
that were given in the foregoing Caſe, being 
arge and diſtinct, we judge it not much far- 
ther from the Surface than the Image (c). 
es 3. When the Object is placed between the 
Focus of parallel Rays and the Center, the Image 
falls on the oppo/ire Side the Center, is larger 
han the Object, and in an inverted Poſition. 
= Thus let AB (Fig. 56) repreſent the Object, 
V the reflecting Surface, F its Focus of pa- 
ed 
nd ) See what has been ſaid concerning the apparent Situation 
ill 3 Objects ſeen by parallel Rays, in Chapter VII. 


rallel 
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rallel Rays, and C its Center. Through AR 
and B the Extremities of the Object draw the 
Lines CE and CN which will be pe rpendi- ©. 
cular to the Surface; and let AR, AG, be MW; 
a Pencil of Rays flowing from A. Theſe 
Rays proceeding from a Point beyond the 
Focus of parallel Rays will after Reflection 
converge towards ſome Point on the oppolite 
Side the Center (Chap. IX. Prop. 4, Caſe o 
which will fall upon the Perpendicular EC 
produced; but at a greater Diſtance from C. 
than the Radiant A from which they diverged, Þ 
(by the Propoſition and Caſe juſt referred to.) 
For the ſame Reaſon, Rays flowing from B 
will converge to a Point in the Perpendicu- 
lar NC produced, which ſhall be farther from 
C than the Point B; from whence it is evi- 8 
dent, that the Image IM is larger than the Ob- 
jet AB, that it falls on the contrary Side 
the Center, and that their Poſitions are in- 
W with reſpect to each other. ; 
. If the Object be placed beyond the Centes 
of re the Image is then formed between if 
the Center and the Focus of parallel Roy 
is /eſs than the Object, and its Poſition is in- + 
x verted. 9 
This - Propoſition is the Converſe of the +» 
foregoing: For as in that Caſe Rays pro- 
ceeding from A were reflected to I, and : 
from B to M; ſo Rays flowing from I and M. 2 
will be reflected to A and B; if therefore an 
Object 3 
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3 . be ſuppoſed to be ſituated beyond the 
Center in IM, the Image of it will be formed 
Vn AB, between that and the Focus of parallel 
Rays, will be J eſs than the Object, and in- 


ſe erted, | 
ae f 5. If the Middle of the Object be placed in 
he Center of Convexity of the teflecting Surface, 
te the Object and its Image will be coincident; 
359 but the Image will be inverted with relpect 
s the Object. 

o That the Place of the Image and the Object 
«| Whould be the ſame in this Caſe needs little 
*/ = 


xplication; for the Middle of the Object being 
| 4 n the Center, Rays flowing from thence will 
all perpendicularly upon the Surface, and 


m therefore neceſſarily return thither again; fo 
hat the Middle of the Image will be coin- 
* Fiaent with the Middle of the Object. But 
de Fhat the Image ſhould be inverted is perhaps 


ot ſo clear, To explain this, let AB (Fig. 57) 
e the Object having its middle Point C in the 
enter of the reflecting Surface SV ; through 
he Center and the Point R draw the Line 
R which will be perpendicular to the reflecting 
SBurface, join the Points AR and BR, and let 
R repreſent a Ray flowing from A, this will 
the pe reflected into RB, for C being the middle 

Point between A and B the Angles ARC and 
Rz are equal; and a Ray from B will like- 
iſe be reflected to A; and therefore the Poſi- 
A ; P tion 
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ſition of the Image will be inverted with re- 


ſpect to that of the Object (4). 1 
6. If in any of the three laſt Caſes, in t 
each of which the Image is formed on the ſame WF, 
Side the reflecting Surface with the Object, the MF, 
Eye be ſituated farther from the Surface than FF 
the Place where the Image falls, the Rays of 
each Pencil, croſſing each other in the ſeveral t 
Points of the Image, will enter the Eye as from F1 
a real Object ſituated there; ſo that the Image e 
will appear pendulous in the Air between the I = 
Eye and the refleQing Surface, and in the Po- Ire 
ſition wherein it is formed, viz. inverted with | Ja 
reſpect to the Object, in the ſame Manner that b. 
an Image formed by refracted Light appears Tp 
to an Eye placed beyond it; which was fully 3 : 


explained under the fourth Propoſition of the Ne 
ſeventh Chapter, and therefore needs not be aj 
repeated here. 3 

But as to what relates to the Appearance of 1 l 
the Object when the Eye is placed nearer to 
the Surface than the Image, that was not there 5 
fully inquired into. That Point ſhall there- 
fore now be more ſtrictly examined under? 3 


the following Caſe, which equally relates to 
refracted and reflected Light, 3 


(4) In this PRs OR! it is to be 2 that the Object a5 x 
is ſo fituated with. reſpect to the refleting Surface that the Angel 1 
ACR may be right; for otherwiſe the Angles ARC and BRC 
will not be equal, and Part of the Image will therefore fall apo 9 
the __ and part off, | 1 
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| 7. If the Eye be ſituated between the re- 
flecting Surface and the Place of the Image, 
the Object is then ſeen beyond the Surface; and 
the farther the Eye recedes from the Surface 
towards the Place of the Image, the more con- 
uſed, larger, and nearer the Object appears. 
To explain this, let AB (Fig. 58) repreſent 
the Object, IM its Image, one of whoſe Points, 
EM, is formed by the Concurrence of the reflect- 
Jed Rays DM, EM, Sc. which before Reflection 
came from B; the other, I, by the Concur- 
Wrence of DI, EI, Sc. which came from A; 
and let ab be the Pupil of an Eye ſituated 
between the Surface DP and the Image. This 
A Pupil will admit the Rays Ha, Kb, which, be- 
I cauſe they are tending towards I, are ſuch as 
I came from A, and therefore the Point A will 
appear diffuſed over the Space RS. In like 
Manner the Pupil will alſo receive into it the 
reflected Rays Ka and Lb, which, becauſe they 
0 are tending towards M, by Suppoſition came 
rom B; and therefore the Point B will be 
een ſpread as it were over the Space TV, and 
det 3 he Object will ſeem to fill the Space RV; but 
to the Repreſentation of it will be confuſed, be- 
3 auſe the intermediate Pointsof the Object, being 
y aua inlarged in Appearance, there will not 
& AB 4 de Room for them between the Points S and T, 
Ang 3 dut they will coincide in part one with another; 
upon or Inſtance, the Appearance of that Point in 
he Object, whoſe Repreſentation falls upon c in 
7. 1 2 the 


bh 3 ditinguili 
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the Image, will fill the Space mr, and fo of the 
reſt. Now if the ſame Pupil be removed into the 
Situation ef, the reflected Rays Ee and Gf will 
then enter the Eye, and therefore one Extre- 
mity of the Object will appear to cover the 
Space XV; and becauſe the Rays Of and Le 
will alſo enter it in their Progreſs towards M, 
the Point B, from whence they came, will 
appear to cover ZV ; the Object therefore will 
appear larger and more confuſed than before, 
And when the Eye recedes quite to the Image, 
it ſees but one ſingle Point of the Object, and 
that appears diffuſed all over the reflecting 
Surface : For Inſtance, if the Eye recedes to 
the Point M, then Rays flowing from the Point 
B enter it upon whatever Part of the Surface 
they fall: And ſo for the reſt. The Object alſo ap- 
pears zearer to the Surface, the farther the Eye 
recedes from it towards the Place of the Image, 
probably becauſe as the Appearance of the 
Object becomes more and more confuſed, its 
Place is not ſo eaſily diſtinguiſhed from that of 
the reflecting Surface itſelf, till at laſt when it 
is quite confuſed (as it is when the Eys is arrived 
at M) they both appear as one, the Surface 
aſſuming the Colour of the Object (e). 

| As 


(.) As to the preciſe apparent Magnitude of an Object ſeen 
after this Manner, it is ſuch that the Angle it appears under 
ſhall be equal to that which the Image of the ſame Objet 
would appear under, were we to ſuppole it ſeen from the ſame 
Place: That is, the apparent Object (for ſuch I muſt call ir to 
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As each Point in the Repreſentation of an 
Object made by Reflection is fituated ſome- 
where in a fight Line that paſſes through its 
correſpondent Point in the Object, and is per- 
pendicular to the reflecting Surface, as Was 
ſhewn in the Beginning of this Chapter; we 
may from hence deduce a moit eaſy and ex- 
2 peditious Method of determining both the 


X diſtinguiſh it from the Image of the ſame Object) and the Image 
ſubtend equal Angles at the Eye. 

4 Dem. Here we muſt ſuppoſe the Pupil of the Eye to be a Point 
only, becauſe the Magnitude of that cauſes ſome {mall Altera- 
tion in the apparent Magnitude of the Object; as we ſh:ll fee by 
and by. Let then the Point à repreſent the Pupil, then will 
the extreme Rays that can enter it be Ha and Ka, the Object 
therefore will appear under the Angle He K, which is equal to ity 
vertical one M al, under which the Image I M would appear, 
nere it to be ſeen from a. Again, if the eye be placed in /, the 
Object appears under the Angle GO equal to I FM which 
the Image ſubtends at the ſame Place, and therefore the appa- 
rent Object and Image of it ſubtend equal Angles at the Eye. 
A . i 

# N ow if we ſuppoſe the Pupil to have any ſenſible Magnitude, 
ſuch ſuppoſe that its Diameter may be a 6, then the Object ſeen 
by the Eye in that Situation will appear under the Angle H x L, 
which is larger than the Angle Ha K under which it appeared 
before; becauſe the Angle at æ is nearer than the Angle at a, 
to the Line IM, which is a Subtenſe common to them both. 
From th s Propoſition it follows, that, were the Eye cloſe to 
the Surface at K, the real and apparent Object would be ſeen 
under equal Angles (for the real Object appears from that Pl:.ce 
onder the ſame Angle that the Image does, as will be ſhewn 
at the End of this Chapter) therefore when the Eye is nearer 
to the Image than that Point, the Image will ſubtend a larger 
Angle at it than the Object does; and conſequently ſince the 
Image and apparent Object ſubtend equal Angles at the Eye, the 
apparent Object mutt neceſlarily be ſeen under a larger Angle 
than the Object itſelf, wherever the Eye be placed between the 


durface and the Image. 
P 3 Mag- 
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Magnitude and Situation of the Image in all ZE 
Caſes whatever. Thus, | '$ 

Through the Extremities of the Object AB, 
and the Center C, (Fig. 59, 60, or 61) draw * 
the Lines AC, EC, and produce them as the 
Caſe requires; theſe Lines will be perpendicu- 
lar to the reflecting Surface, and theretore the 
Extremities of the Image will fall upon them. 
Through F the middle Point of the 5 2 
and the Center, draw the Line F C and pro- 
duce it till it paſſes through the reflecting 1 A 
face, this will alſo be perpendicular to the 
Surface. Through G, the Point where this Line 
cuts the Surface, draw the Lines AG and BG 4 
and produce them this way or that, till they 
croſs the former Perpcidiculars; and where 
they croſs, there I and M the Extremities 8 
of the Image will fall. For ſuppoſing AG 
to be a Ray proceeding from the Point A 
and falling upon G, it will be reflected to B; 
becauſe FA is equal to FB, and FG is per- 
pendicular to the reflecting Surface; and there- B 
fore the Repreſentation of the Point A will 
be in BG produced as well as in AC, 
conſequently it will fall on the Point I Where 
they croſs each other. Likewiſe the | 4 
BG will for the fame Reaſon be reflected 
to A, and therefore the Repreſentation of | 4 
the Point B will be in AG produced as : 
well as in ſome Part of BC, that is in M 
where 
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where they croſs, From whence the Propo- 
fition is clear. 

If it happens that the Lines will not crofs 
which way ſoever they are produced, as iy 
(Fig. 62) then is the Object in the Focus of 


b parallel Rays of that Surface, and has no Image 


formed in any Place whatever. For in this 


| Caſe the Rays AH, AG, flowing from the Point 


WW. fn 


A, become parallel after Reflection in the Lines 
HC, GB, and therefore do not flow as to or 
from any Point: In like Manner Rays flowing 


F from B are reflected into the parallel Lines K B 


and GA; ſo that no Repreſentation can be 


formed by ſuch Reflection. 


From hence we learn another Circumſtance 
relating to the Magnitude of the Image made 
by Reflection; vig. that it ſubtends the ſame 
Angle at the Vertex of the reffecting Surface 
that the Object does. This appears by In- 
ſpection of the 59, 60, or 611t Figure, in each 


J of which the Angle IGM, which the Image ſub- 


tends at G the Vertex of the reflecting Surface, 


I is equal to the Angle AGB, which the Object 


ſubtends at the ſame Place; for in the two 
firſt of thoſe Figures they are vertical, in the 
third they are the ſame. And 

Farther, the Angle ICM, which the 1 


4 ſubtends at the Center, is alſo equal to the 


Angle ACB which the Object ſubtends at 


the fame Place; for in the two firſt Figures 


P 4 they 
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they are the ſame, in the laſt they are verti- 
cal to each other. 


From whence it is evident, that the Object 
and its Image are to each other in Diameter, 
either as their reſpective Diſtances from the 
Vertex of the reflecting Surface, or as their Di- 


ſtances from the Center of the ſame. 


IV. As Objects are multiplied by being ſeen 
through tranſparent Media, whoſe Surfaces are 
properly diſpoſed, as was explained (Chap. VII. 
Prop. 4) fo they may alſo by reflecting Sur- 


faces. Thus, 


1. If two reflecting Surfaces be diſpoſed at 
right Angles, as the Surfaces AB, BC, (Fig. 
63) an Object at D may be ſeen by an Eye 
at E, after one Reflection at F, in the Line 
EF produced; after two Reflections, the firſt 
at G, the ſecond at H, in the Line EH pro- 3 
duced ; and alſo after one Reflection made at 


A, in the Line EA produced. 


2. If the Surfaces be parallel, as AB, CD, 
(Fig. 64) and the Object be placed at E and 
the A at E, the Object will appear multiplied 2 
an infinite Number of Times: Thus, it may be 
ſeen in the Line FG produced, after one Re- 
flection at G; in the Line FH produced, after 
two Reflections, the firſt at I, the ſecond at 
; and alſo in FP produced, after ſeveral | 


ſucceſſive Reflections of the Ray EL, at the 


Points L, M, N, O, and P: And fo on in in- 


Jinitum, But the greater the Number of Re- 


3 flections 
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Of the Appearance of Bodies, Sc. 133 
flections are, the weaker the Repreſentation 
will be. 
There are reflecting Surfaces made, ſome 
cylindrically convex, others cylindrically con- 
cave; both which Kinds are defigned to ren- 
der the Image of an Object deformed, or the 
ontrary, by augmenting or diminiſhing it in 
one Dimenſion and not in another; for the 
former Sort are convex one way, viz. round 
their Axes, and plain the other, 0/2. length- 
wiſe ; the other are concave round their Axes, 
and plain the other way : Upon which Account 
Surfaces of theſe Kinds neceſſarily have ſuch 
ffects. 

When a very deformed Picture, or rather 
o Picture at all, but a ſeemingly irregular and 
accidental Poſition of Colours is placed be- 
fore one of theſe Sufaces, and ſeen by Re- 
flection from thence, a beautiful and well pro- 
portioned Image ſhall appear therein. But to 
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D, explain Phenomena of this Kind is not the 
nd Mntent of this Compendium. Enough has been 
ed Maid to explain the Principles of Catoptrics. 
be 1 Paſs we on now to the third and laſt Divifion 
de- f Optics, viz. the Doctrine of Colours. 
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from the reſt; and that Bodies appear of that 
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a CHAP, 


Of the different Refrangibility in lf 3 
Rays of Light; of the Colours the 
diſtinct Species of them are diſpo/ed 


zo excite; and of the Cauſe of that T 
Variety of Colours which is ob/er-, 
vable in Bodies. A 


3 

N treating of the Refraction of (Light! in the A 1 
Beginning of this Part, we ſuppoſed that 

all Light in paſſing out of one Medium into 2 
another of different Denſity, is equally refratedM 
in the ſame or like Circumſtances, This is the 4 
Notion the Philoſophers before Sir Iſaac Neu- 
ton's Time had of it; but that indefatigable and 
circumſpect Author has diſcovered that it 60% 
not ſo, but that there are different Species fi 
Light; and that each Species is diſpoſed bot Hr. 
zo ſuffer a different Degree of Refrangibiliyi | 
in paſſing out of one Medium into another, ani 
fo excite in us the Idea of a different Colour 


Colour which ariſes from the Compoſition of m 
Colours the ſeveral Species they reflect are Uh b 

poſed to excite. 
There are Abundance of Experiments mad 2 : 
by Sir Jaac Newton and others for the Con- 
firmatioaſ I 


Ch. XI. in the Rays of Light; &c. 13 5 
ormation of this Doctrine; 1 ſhall only ſelect 
3 he following ones, which will ſufficiently il- 
Wuſrate the Propoſition, and evince the Truth 
; r it. And 

"WM Firſt, There are different Species of Light, and 
be each Species is diſpoſed to ſuffer a different 
-d Degree of Refrangibility, and to excite the Idea 
a; ef a different Colour. 

Io ſhew this, let a Room be darkened, and 
he Sun permitted to ſhine into it through a 
mall Hole in the Window-ſhutter, and be 
nade to fall upon a Glaſs im (by which is 
Incant a Piece of Glaſs of a triangular Form, 
Joch as is repreſented in Figure 65) then will 
Ihe Sun's Light in paſſing through this Priſm 
ted uffer different Degrees of Refraction, and by 
hat means be parted into different Rays, which 
Rays being received upon a clean white Paper 
and eil exhibit the following Colours, viz. Red, 
t i888 -2nge, Yellow, Green, Blue, Indigo, and a 
s et Purple, Thus, let AB (Fig. 66) re- 
Both Present the Window-ſhutter, C the Hole in it, 
Ef the Priſm, Z a Ray of Light coming 
an om the Sun, which paſſes through the Hole 
% Ind falls upon the Priſm at V, and if the Priſm 
tha ere removed would go on to X, but in 


f tp tring its firſt Surface E F ſhall be refracted 


a to the Courſe XW, falling upon the ſecond 
; W, where in going out into the Air it ſhall 
nad: retracted again. Let the Light now, after 


has paſſed the Priſm, be received upon a 


Con- 1 
f Sheet 


ation 
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Sheet of white Paper GHIK held at a prope 
Diſtance, and it will exhibit upon the Pape 
a Picture or Image at LM of an oblong Fi 
cure, whoſe Ends are ſemicircular and Side 
ſtrait. And it ſhall be variegated with Co 
lours after the following Manner. From thi 
Extremity M to ſome Length ſuppoſe t 
the Line 2, it ſhall be of an intenſe Red 
from no to fg it ſhall be of an Orange Colour 
from pg to 7s it ſhall be Yellow; from thena 
to tu it ſhall be Green; from thence to wy 
Blue; from thence to ys Indigo; and fro 
thence to the End Violet. And if the who 
Image be divided lengthwiſe into 360 equa 
Parts, the Red ſhall take up 45 of them, thi 
Orange 27, the Yellow 48, the Green 60 
the Blue 60, the Indigo 40, and the Viol 


80 (FJ. 
2 - 


dir I/aac Newton in his Optics has ſhewn how from ti 
Retraction of the moſt refrangible and leaſt refrangible Rays, 
find the Refraction of all the intermediate ones. His Rule | 
this, if the Sine of Incidence be to the Sine of Refraction in t 
leaſt refrangible Rays as AV to BC (Fig. 67) and to the Sin 
of Refraction in the moſt refrangible as AV to BD; and! 
CE be taken equal to C D, and then E D be fo divided 
F. G, H, I K, L, that E D, E P, E G, EH, EI, Eh 
E L, EC, may be proportional to the eight Lengths of muſic: 
Chords, which ſhall ſound the Notes in an Octave, E D bein 
the Length of the Key, EF the Length of the Tone above thi 
Key, EG the Length of the Jer Third, E H of the Four 
El of the F, EK of the greater Sixth, EL of ti 
Seventh, and E C of the Octave above that Key; that | 
Tf the Lines ED, EF, EG, EH, EI, EK, EL, a 
EC bear the {ame Proportion to each other as the Numbe 
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WC. XI. 7 she Rays of Light; &c. 137 
To render this Proof complete, we muſt now 
Dcw that theſe Diſpoſitions of the Rays of 
ont, to produce ſome one Colour, and ſome 
nother, which manifeſt themſelves after being 
Wcfractcd, are not wrought by any Action of 
ie Priſm upon them, but are originally inhe- 
Wc nt in thoſe Rays; and that the Priſm only af- 
Words each Species an Occaſion of ſhewing its 
iſtinct Quality, by ſeparating them one from 
ie other, which before, while they were blend- 
Wd together in the unfracted Light of the Sun, 
Way concealed. _. 

This will be proved by the following Experi- 
ent. Things remaining as in the foregoing one, 


8 2 i 1 ' 
3.3 3» 2» 3+ N 2, reſpeRtively, then ſhall BD and 


oe the Liinits of the Sines of Refraction of the Holet Rays; 
at is, the vet coloured Rays ſhall not all of them have 
=: cciſcly the ſan e Sine of Refraction, but none of them thall 
oe a greater Sine than BD nor a leſs than BF, though there 
Dc ///:; coloured Rays which anſwer to any Sine of Refraction 
What can be taken between theſe two. In the ſame manner B[F 
nd BG are the Limits of the Sines of Refraction of the /n- 
% BG and BH are the Limits belonging to the B/ze; BH 
nd BI, the Limits pertaining to the Green; BI and BK, the 
imits for the Jelic; BK and BL, the Limits for the Orange 
oloured Rays; and laſtly BL. and BC, thoſe of the Sines of Re- 
«tion belonging to the Red. 

And particularly, when Light paſſes out of Claſs into Air, 
the Sine of its Angle of Incidence be 50, the Sine of the 
angle of RefraQtion of the Red will be between 77 and 


» - 1 


71» Of the Orange coloured between 77. and 774, of the 


/ I's 
ellow between 77 and 772 of tlc Green between 775 and 


75» of the Blue between 57. and 772, of the Indigo between 


77 and 777 and of the Vialet, coloured Rays between 
nd 78 
{ v» 


— — 
74 


/ 


let 
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138 Of the different Refrangibility 
let another Priſm, as NO (Fig. 68) be placed 


either cloſe to, or at ſome Diſtance from 
the firſt, in a perpendicular Situation with re- 
ſpect to the former, ſo that it may refract the e 
Rays iſſuing from the firſt ſide ways. Now, if this Ha 
Priſm could ſeparate the Light which falls upon 
it into coloured Rays, as the other did, it would 
divide the Image breadthwiſe into Colours, as 
before it was divided lengthwiſe ; but no ſuch WP" 
Thing is obſervable: For. the Image ſhall only 
be thrown out of the perpendicular Situation 
LM into the oblique one PQ; the upper Parts, Mn. 
which were more refracted in the former Caſe, 9 
being more refracted in this, and therefore made 
to recede farther ſideways from their former Si- 

tuation L, than the lower ones are from M. 
And farther, each Colour ſhall be uniform from 
Side to Side in the oblique Image, as well as in 
the perpendicular one. 1 
It there be any Objection againſt the Suffici- 
ency of this Proof, it muſt be, that the Rays 
when they fall upon the ſecond Priſm, are not 
all in like Circumſtances, with regard to their 
Inclination to its Surface; I ſhall therefore, toi 
obviate that Objection, add one more Experi- 
ment which ſeems to be peculiarly adapted u 
that Purpoſe. It is as follows : 1 
Two boards AB, CD, (Fig. 69) being 
erected in a darkened Room at a proper Di- 
ſtance, one of them AB, being near the Win- 
dow-ſhutter EF, a Space being only left for il 3 
Priſm 


, : Fl TWO ER. + & . 
n 8 8 5 ; 2 "OP 3 8 = >» 4 Lira” E Ls i». ol 


h. XI. in the Rays of Light; Sc. 139 


rim G Hl to be placed between them; ſo 
What Part of the Rays, which enter the Hole 
RM, may, after paſſing through the Priſm, 
e tranſmitted through a ſmaller Hole K 
ade in the Board AB, and paſſing on from 
hence go out at another Hole L, made in 
ye Board C D, of the ſame Size as the Hole 
. and ſmall enough to tranſmit the Rays of 
ne Colour only at a Time: Let another Priſm 
7 QR be placed behind the Board CD to receive 
n he Rays paſſing through the Holes K and L, 
ad after Refraction by that Priſm, let the Rays 
. ll upon the white Surface ST. Suppoſe, firſt, 
he Violet Light to paſs through the Holes, and 
be refracted by the Priſm PQR to s, which, 
chat Priſm were not there, would have paſſed 
n to W. If the Priſm G HI be turned about 
in Nowy, ſo that the incident Ray ZY may fall 
Pore obliquely upon it, while the Boards and the 
ther Priſm remain fixed, in a little Time ano- 
ber Colour, ſuppoſe Indigo, which we may 
Nuppoſe before to have proceeded to :, will 
as through the Holes K and L, and, if the 
grim POR were away, would proceed like 
ri he former Rays to the ſame Point W. Now 
he Refraction of this Priſm will not carry 
heſe Rays to s as it did the other, but to 
me Place leſs diſtant from W, as to f. 
at it is manifeſt that the Holes K and L being 
in- In the ſame Situation in each Caſe, both Sorts 
ef Rays enter the Priſm PQR under the ſame 
3 Cir- 
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Circumſtances, for they are equally inclined 
to its Surface RP, and enter it at the ſame 
Point thereof; which ſhews that the one Spe- 
cies is more diverted out of its Courſe by 
Refraction than the other is, when the Cir- 
cumſtances of Incidence are the ſame in each, 
Farther, if the Priſm G HI be turned about 


till the Rays which exhibit Blue paſs through 


the Hole L, theſe will fall upon the Surface 


00 
Up 


ST below 7, as at 2, and therefore are ſubjet i 


to a leſs Degree of Refraction than ſuch as 
produce Indigo. And thus by proceeding it 
will be found that the Green is leſs refracted 
than the Blue, and ſo of the remaining Co- 


lours, according to the Order in which they 


are repreſented in an Image formed by 2 


ſingle Priſm (g). 


(g) There are Abundance of Experiments made by the Author 1 
of this Doctrine and others for the Confirmation of it, as was 


obſerved above. To give them all at full Length would tire = 


the Reader. As that if a Body be painted one half Red, and * 


the other Blue, and then viewed through a Priſm ; the app» Ml 
rent Place of the one half ſhall be different from that of the 
other: And if it be painted with a Mixture of theſe two Colours, 
it ſhall appear confuſed and deformed. Both which evidently WW 


ſhew that the Rays, which each of theſe Colours reſlect, ſuffer og 


different Degrees of Refraction in paſſing through the Priſm. Wi 
And if two Bodies be painted, the one Red and the other 


Blue, and the Rays which flow from them be made to pals 


through a convex Lens, the Focus, made by the Concurrence of 


the Rays which flow from that which is painted with Blue, I | 
ſhall fall at a leſs Diſtance behind the Lens, than that which! 


is made by thoſe which come from the Red one. See the 
Experiment made by Dr. De/aguliers in a very accurate Man- 
ner (Philoſoph. Tranſ. No. 426) in Oppoſition to Signor Ritzett 1 
who diſputes the Concluſiveneſs of Sir Jaac Newton's Experiments Bl 


Ani 
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And alſo each Speczes of Rays is diſpoſed 


to excite in us the Idea of a different Colour. 

This is ſufficiently clear from what has been 
already ſaid, and is farther confirmed by what 
ollows, viz. That whatever Species of Ravs 
Ware thrown upon any Body, they make that 
Body appear of their own Colour. Thus 
liiium in red Light appears of its own 
Colour; but in yellow Light it appears yellow; 
and in green Light it appears green; in blue, 
blue; and in violet- purple coloured Light it 
Wappears of a purple Colour: In like manner 
= V erdigreaſe will put on the Appearance of that 
Colour in which it is placed. But each of 
cheſe Bodies appears moſt luminous and bright 
hen enlightned with its own Colour, and 
aimmeſt in ſuch as are moſt remote from 
chat. Tis certain therefore each Ray is diſ- 


hor 3 poſed to excite its own Colour, which is 
nue neither to be alter'd by Refraction nor Re- 
ant flection, 

bl Thus much in Confirmation of the firſt Part 


ur, of the Propoſition, viz. That there are diffe- 
ent Species of Light, that each Species is 
aiſpoſed to ſuffer a different Degree of Re- 
cher Afrangibility, and to excite in us the Idea of a 
different Colour. We proceed now to the 
ue, ſccond Part of the Propoſition, vi. 

nich BE 2. That Bodies appear of that Colour, which 
an freſults from a Compoſition of thoſe Co ours, 
ny 1 Q which 
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which the ſeveral Species they reflect are diſ-· 


poſed to excite. 2 
We have juſt now ſcen that each Ray, 
whatever be the Colour of the Body it is re- 
fletcd from, is able to excite no other Idea 
than that of its own Colour, and that coloured MF 
Bodies reflect not all the different Sorts of Rays 
that fall upon them in equal Plenty ; but ſome 
Sorts, vg. thoſe of their own Colour, much 
more copiouſly than others. We will now pro- 
ceed to ſhew, that the other Colours may lj 
produced from a Mixture of thoſe ſeven, which Wi 
Rays of Light when ſeparated by a Priſm are 
diſpoſed to exhibit. From whence it will bei 
rational to conclude, that Bodies appear of that| 5 f 
Colour which ariſes from the Mixture of thoſe} : | 
which they reflect. A 
1. All the priſmatic Colours (vis. thor 
which are made by the Priſm) mixed together 
appear White a little inclining to Yellow, ſuch 
as is that of the Sun's Light. f 
To ſhew this, let a convex Lens be cli 
between the Priſm and the Paper which re- 
ceives the Image, in order that the Rays fe. 
parated by it may be collected into a Eu 
and let the Focus fall upon the Paper, then 
will the Spot where it falls appear White. And 
that the Whiteneſs of this focal Point is owing 
to the Union of thoſe Colours appears from . 
hence, that if we remove the Paper from 4 
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- WS focal Point, and ſuffer the Rays to croſs each 
other in the Focus, and if when they have pro- 
„Ceeded to ſome Diſtance beyond, they be then 
received upon the Paper, the ſame coloured 
2 Image will be exhibited, but inverted, becauſe 
the Rays croſs each other in the Focus; an 
5 evident Proof that the Whiteneſs of the Spot 
e vas owing to nothing but the Mixture of the 
Rays conſtituting the ſeveral Colours of the 
Image. But if the Rays of any particular 

Colour be intercepted before they are collected 
{Win the ſaid Spot, it then appears not only of a 
re different Colour from what it did before, but 

different from any of the priſmatic Colours 
taken ſeparately, | 

== Or it the Circumference of a Wheel be 
painted with the pri/matic Colours taken in 
the ſame Proportion with reſpect to each other 
be in which they are exhibited in the Image made 

by the Priſm, and the Wheel be turned ſwiftly 
about, the Circumference of that Wheel ſhall 
appear white: If they are taken in other 
Proportions, the Colour of the Wheel when 
turned about will vary accordingly. From 
whence this Part of the Propoſition is alſo 
abundantly clear. 
No Compoſition of theſe Colours will pro- 
duce Black: That being no Colour, but the 
efect, or Abſence of all Colour whatever. 
That Species of Light, which is diſpoſed to 
ſuffer a greater Degree of ReiraRtion, requires 
4 = REA pro- 
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proportionally leſs Obliquity at the ſecond Sur- 
face of any Medium to occaſion a fetal Re. : 
flefticn of it there; ſo that it is poſſible that 
a Ray of Light may paſs through a MediunÞ 
with ſuch Obliquity, that only that Part off 
it which is diſpofed to exhibit a violet Col 
lour ſhall be reflected at the ſecond Surface, 
and all the reſt tranimitted there. This in- 
deed is a neceſſiry Conſequence of what way 
obſerved concerning the Reflection of Light atf 
the ſecond Surface of any Medium, (Chap. 99 
vg. that the Reflection of a Ray 1s total, 
when the Obliquity of the incident Ray h i 
| ſuch, that the Angle of Refraction ought tf 
be equal to, or to exceed a right one. I fff 
this is a Conſequence ot that, becauſe thelf 
Angle of Reiracton of the violer coloured 
Light is larger than the Angle of RefraQionlf 
of any other, though their Angles of Inc 
dence be equal, And accordingly thus ff 
happens, as appears by the following Expal | 
| ment. 
| Let AB (Fig. 70) repreſent the Window 
ſhutter of a darkened Room; C an Hole to lll 
ö in a Ray of the Sun; DEF, G HI, two Priſng 
. ſo applied together that the Sides EF an 
| GI be contiguous, and the Sides DF and Gul 
x parallel: In this Situation Light win pal 
through them without any Separation ing 
| Colours; for the oppoſite Sides being parallel, 
the Rays are refracted one Way where tf 
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l go in, they will be as much refracted the 
contrary Way where they go out (Sce Page 51.) 
hut if it be afterwards received by a third Priſm 
KLM, it will be divided ſo as to form upon any 
vie Body NOV U the uſual Colours, Feet 
Wa: /, Indigo at m, Blue at u, and Red at r. 
Now let it be ſuppoſed that the Surfaces EF 
WT nd G1 are not quits cloſe together, but that 
che Rays, in palling from one to the other, 
paſs through a Medium (big. the Air) of diffe- 
rent Denſity from that of the Priſms: And 
that the Ray ZC is not fo much inclined 
W to the ſecond Suiface of the firſt Priſm as 
W to cauſe a total Reffection of any one Spe- 
dies there; then will Part only of each Spectes 
be reflected and Part tranſmitted, agrecably to 
hat was obſerved (Chapter 8) concerning 
the Manner of Reflection. Let now the re- 
flectcd Rays be teccived by a fourth Priſm 
XV; theſe, after paſſing through it, will 
paint upon a white Surface RS the Colours 
of tlic Priſm, vis. Red at 5, Orange at t, 
=o at v, and Violet at Z. Let now the 
Pris DEF, GHI, be flowly turned about, 
Weeping ſtill the ſame Situation with reſpect 
to each other, until the Obliquity of the Rays 
EC t> the Surface EF be fo far increaſed, 
that there thall begin to be a total Reflection 
of them there. In which Caſe it is obſervable, 
chat firſt of all the viert Light will be 
cally reflected, and will therefore diſappear 
9 9 at 
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at J, appearing inſtead thereof at 2, and in- 
creaſing the Violet Light which fell there before. 
And when the Rays Z C become more ob- 
lique by the Priſins being turned farther about, 
the Indigo ſhall be totally reflected, diſap- 
pearing at , but falling upon y, and making 
the Violet there more intenſe, And by turn- 
ing the Priſms till farther about, all the re- I 
maining Colours will be ſucceſſively removed 
from the Surface PQ to RS. 
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4 Of the Qualifications in Bodies, which 
4. ws them to reflect the ye of 
difterent Colours. 


E are now to inquire what it 1s that 

gives Bodies this Power of reflecting, 
ſome one ſort of Rays moſt copiouſly, and fome 
another. And this is probably no other than 
the different Magnitude of the Particles where- 
= of they are compoſed; as will appear from 
the following Obſervations. 


If Water be prepared with Soap ſo as to 
render it ſufficiently tenacious, and then blown 
up into a Bubble; it is obſervable, that as the 
Bubble grows thinner, and thinner (as it will do 
by reaſon of the Water's continually running 
down from the Top of it, till it breaks) d'iHe- 
rent Colours will ariſe one after another at 
the Top of the Bubble, ſpreading themlſe] ves 
into Rings, and deſcending till they vanith 
at the Bottom in the ſame Order they aroſe 
at the Top. Thus, in an Experiment of this 
Kind, tried by Sir Tſaac Newton, the Colours 
arole in this Orcer; firſt Red, then Blue; 
to which ſucceeded Red a ſecond Time, and 
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Blue immediately followed; after that Rei L 
a third Time, ſucceeded by Blue; to which Ml 
followed a fourth Red, but ſucceeded by Green; 
after this a more numerous Order of Colours, 
firſt Red, then Yellow, next Green and after 
that Blue, and at laſt Purple; then again, ll 
Red, Yellow, Green, Blue, Violet followed each 
other; and the laſt Ordei of Colours that aroſe 
was Red, Yellow, White, Blue; to which ſuc- t 


A a Go a SS 4 


ceeded a dark Spot that afforded ſcarce am 

Light, though it was obſerved to cauſe ſome 

very obſcure Reflection, for the Image of the Wi: 

Sun or a Candle might be faintly diſcerned in t! 

it; and this laſt Spot ſpread itlelf more and a 

more, till the Bubble broke. 1 

Now tis apparent that the only Reaſon, why 

ö thoſe different Colours ſucceeded each other at 
| the Top of the Bubble in the abovementioned 3 
| Manner, was becauſe its Thickneſs in that Part tt 
continually varied, till it broke. It remained IC 
therefore to examine what was the Thickneſs 

of the Bubble at the Top, at the Time it 

exhibited each particular Colour. And this wa 


= 
> 


effected by the following Contrivance, v1. 
by taking the Object-Glaſs of a long Teleſcope, MR 
ſuch having but a very ſmall Degree of Con- 
vexity, and placing it upon a flat Glaſs : The K- 
Glaſſes by Reaſon of the Convexity of the former F* 
would touch but in one Point, and the Diſtance 
between them, where they did not touch, would 
be exceedingly ſmall, but larger the farther 
we 
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we conſider it from the Point of Contact. Now 
Water being put between theſe Glaſſes, the ſame 
Colours appeared as in the Bubble, in the Form 
of Circles or Rings ſurrounding the Point ap- 
peared black, like the Top of the Bubble hen 
it was thineſt. Next to this Spot lay a 
blue Circle, and next without that a white 
one, and ſo on in the ſame, but contrary Order 
to that in which the Colours aroſe on the Top 
of the Bubble. 
e Now the Diſtance between the Glaſſes, that 
is, the Thickneſs of the Body of Water between 
in them, where it exhibited any one Colour of 
Ja particular Order, was equal to the Thickneſs 
of the Bubble at the Time the ſame Colour a 
peared upon it. For though the Medium the 
Light muſt paſs through to come at the Water 
is in one caſe, Glaſs, and in the other, Air; 
that makes no Difference in the Species of the 
Colcur reflected from the Water: For Pieces of 
uſcovy Glaſs, made thin enough to appear 
acoloured, would have their Colours faded, but 
ot the Species of them altered by being made 
Vet with Water. But it was found that tranſ- 
parent Bodies of different Denſity would not, 


Pe, ? | 1 ; _ 

A under the ſame Thickneſſes, exhibit the ſame 
eſe olours: For if the forementioned Glaſſes were 
ner aid upon each other without any Water be- 


ween them, the Air between them would 
hen afford the fame Colours as the Water, 
3 but 
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but more expanded, ſo that each Ring had 2 
larger Diameter, though they bore all the ſame 
Proportion to each other; ſo that the Thicknek 4 
of the Air proper to reflect each Colour wal 
in the ſame Proportion larger, than the Thick. 
neſs of the Water adapted to reflect the 
lame. . 
Farther, all the Light which is not te- 
flected by the thin Subſtances, whether of Ait 
or Water contained between the Glaſſes, il 
tranſmitted through them; for when viewed 
from the other Side, they exhibit alſo coloured 
Rings as before, but in a contrary Order; for 
the middle Spot, which in the other View 1 
appears black for Want of reflected Light, now 
looks perfectly white; next without this Spo 
the Light appears tinged with a yellowiſn Red 
where the Vbite appeared before, it now ſeem 
Black; and ſo of the reſt, 7 
It is farther obſervable, that the foremen - 
tioned thin Plates, whether of Air or Water, 
do not appear of the ſame Colour when 
viewed obliquely, as when ſeen direct: For i 
the Rings and Colours between a convex and] F th 
plain Glaſs be viewed firſt in a direct Mannen 
and then under different Degrees of Obliquity, 
the Rings will be obſerved to dilate themſelves BW 
as the Obliquity is increaſed. But a Plate dr 
Air between the Glaſſes alters its Colour much 
ſooner: than the Water in the Bubble which 
is ſurrounded with Air, For in the vw * 
wats 


of 
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nen viewed obliquely the ſame Colour might 
e ſeen at more than twelve Times the Thick- 
Wiels it appeared at under a direct View; butwhen 
he Air was viewed under ſuch an Obliquity that 
he Thickneſs of the Plate, where it was obſerved, 
aas but half as much again as when it was view- 
ad directly, a different Colour ME 
= Laſtly, the ſame Colour reflected from a 
it enſer Subſtance reduced to a thin Plate, and 
Wrrounded by a rarer, will be more briſk, 
han the ſame Colour, when reflected from a 
hin Plate formed of the rarer Subſtance and 
urrounded by the denſer, as was found b 
Sblowing Glaſs very thin, which exhibited in 
the open Air more vivid Colours, than the Air 
aoes between two Glaſſes. 
= As to the Thickneſs of the Plate of Air by 
which the ſeveral Colours were reflected, it 
was found by carefully meaſuring the Diſtances 
Pef the Rings from the Point where the Glaſſes 
touched, that the Diſtance between the Glaſſes 
here the firſt Order of Colours was reflected, 
was from 5, to 555; Part of an Inch; 
and What where the ſecond, was from —— to 
 k—= ; that were the third, from to , 
ty, and ſo on in a Series of the odd Numbers: 
v6 And that the Diſtance of the Glaſſes, where the 


, of Writ Order of Colours that was tranſmitted 
uct paſſed through, was from o to —— . Part of 
nich 1 I | | an 
ate ® DOR 


ftruum, do alſo become tranſparent. Where 
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an Inch; that where the ſecond, was fron 
7737955 to Ti that where the third, e 
777575 to 5755570, and ſo on in a Series of the 
even Numbers. And the Thickneſs of a Plate 
of Water, where it reflected or tranſmitted the 
ſame Colours, was 3 of the Thickneſs of i : ; 
Plate of Air. 4-4 
Now we learn from Experiments made 
with the Microſcope, that the leaſt Parts fl 
almoſt all Bodies are tranſparent; or the ſame 
may be experienced in the following Mar- 
ner: Take a very thin Plate of the opakeſt WW: 
Body, and the Room being darkened apply io 
to a ſmall Hole in the Window-ſhutter, and WW 
it will ſufficiently diſcover its Tranſparency. 
This Experiment cannot be ſo well performed. 
with a white Body, becauſe of the ſtrong tc. 
flective Power in ſuch; but even thoſe, When 
diſſolved in Aqua e or other proper Men- 


fore if we ſhould ſuppoſe any Body reduced: 
to a Thinnels proper to produce any particula WF: 
Colour and then broken into Fragments, iſ: 
all Probability each Fragment would exhibit 
that Colour, and an Heap of ſuch Fragment. 


would conſtitute a Body of that Colour : Wd Ir 


that the Cauſe, why ſome Bodies reffed , 
one Sort of Rays moſt copiouſly, and ſome / 
another, 1s probably no other than the di, 
ferent Magnitude of their conſtituent hos - 
cle 


3 
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K | cles (Y). This will be farther confirmed by Par- 
icalars. The Colours in the ſame Part of a 


i | 
WP -icock's Tail vary as the Tail changes its 
MP ure, with reſpect to the Eye; juſt ſo the 


St! Plates of Air or Water appear of a dif- 
eeient Colour in the ſame Plate when view'd 
arcctly, from what they do when ſeen ob- 
1. 2 Iiquely, as was vbierved above. The Colours of 
SS ili, Cloths, and other Subſtances, which Wa- 
ne ter or Oil can intimately penetrate, become faint 
n- nd dull by being wet with ſuch Fluids, and 
ef WS ccover their Brightneſs when dry; juſt as we 
tWWobſcrved, that Plates of Muſcovy Glaſs grew 

int and dim by wetting. All which Parti- 
olars, and many more that might be pro- 
iced, give abundant Proof of the preſent 
WW ont (7). 


(hb) This Sir 1/aac Newton thinks a probable Ground for mak- 
ng Conjecture concerning the Magnitude of the conſtituent Parti- 
ies of Bodies, The Green of Vegetables he takes to be of the 

ird Order, as likewiſe the Blue of Syrop of Violets. The 
= 2u;c Colour of the Sky, he thinks is ot the firſt Order, as 
lo the molt intenſe and luminous White; but it it is leſs ſtrong, 
Wie tlien conj.Ctures it to be a Mixture of the Colours of ali Or- 
en. Of the latter Sort he takes the Colour of Linen, Pe per, 
ea {vc}. ke Subſtances to be; but white Metals to be of the 
go: cr Sort. For rocucing Black, the Particles muit be ſmaller 
aa for exhibiting any of the Colours, vig. of a Size anſwering 
olle Thickneſs of the Bubble where it reflected little or no Light, 
1d for that Rca on appeared colourleſs, 

(i) See Sir Jaac Newton's Optics, paſſim. 
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C HAP. XIII. 4 
Of the Cauſe of Opacity and Tranſpa. 4 


rency in Bodies. 


WI two Mediums or tranſparent 
Subſtances of equal Denſity are conti- 
guous, or as near to each other as the Glaſſes 
were, where the Light was wholly tranſmitted, 
in the Experiment made with the Object Glaß ll 
mentioned in the foregoing Chapter, a Ray of 
L'ght will paſs from one to the other with 
out ſuffering either Reflection or Refraction; 
but if they differ in Denſity, the Light will 
undergo both; Part of it being reflected and 
Part refracted. Juſt ſo it is with a Ray oi 
Light in paſting through the different Par- 
ticles of the ſame Body. For Inſtance, i 
when the Ray has paſſed through any on: 
Particle of a Body, it finds another conti 
guous to it, it will enter that Particle with-W 
out Interruption; but if at its Emerſion out 
of that Particle, it enters a Pore ſufficiently 
large, Part of it will be tranſmitted and Pati 
reflected. Thus will the Light every time ini 
enters a Pore, unleſs it be an exceeding ſmall: | 
one, be in part reflected: So that nothing 
more ſeems neceſſary to render a Body opake he 
than that the Particles, of which it is com- ra. 
poſed, touch but in few Points, and _ th: 
orange 
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oores of it be very numerous and large; 
Jo that the Light, which enters it, may by 
omerous Refractions and Reflections be ſtifled 
and loſt within it. On the contrary, if the 
articles of a Body touch each other in many 
Points, and its Pores be few and ſmall, or filled 
NVith a Subſtance of nearly an equal Denſity 
with the Particles of the Body, that Body 
ill be tranſparent. 
nin Confirmation of this, we may obſerve, 
that opake Bodies become tranſparent by 
Willing their Pores with a Subſtance nearly 
f the ſame Denſity with that of their ſolid 
arts: As when Paper is made wet with 
Water or Oil; when Linen Cloth is dipped 
a Water, oiled, or varniſhed, or the Oculus 
undi Stone ſteeped in Water. Beſides, as 
Milling the Pores of an opake Body renders 
t tranſparent, ſo on the other hand evacuat- 
lng the Pores of a Body that is tranſparent, or 
eparating the Parts of it from one another, 
nt Bnakes it opake; as Salt or wet Paper by 
eing dried, and Glaſs by being powdered, 
oſe their Tranſparency, or Water beat up 
Into Froth. | 
Beſides which Inftances, abundance more 


Night be brought in Confirmation of what 
Ws here laid down; but theſe are ſufficient. 
But becauſe it may be Matter of Surprize, 
What Bodies ſhould be ſufficiently porous to 
anſmit Light in that plenty we obſerve they 
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do, and yet be hard or ſolid; I ſhall con- 
clude the Subject of this Chapter and of the 
Doctrine of Licht and Colour, with ſhewing 
the Conſiſtency of ſuch a Suppoſition. In 
order to which, let us imagine a Body whoſe 
conſtituent Particles are of a ſuch a Form 
that, when laid together, the Vacancies be- ; ; 
tween them may be equal in Bigneſs to the 3 b 
Particles; how this may be done, and yet 
the Body be hard, is eaſy to comprehend. 
Now the ſolid Parts of a Body thus bene 
will be but half its Bulk; and if we ſuppoſe il 
each conſtituent Particle of this Body to be 
formed of leſs Particles with Vacuities between 
them, equal to each Particle as before, the 
ſolid Parts of this Body will then be but 2 43 
fourth Part of its Bulk; 2 if each of the: 
leſſer Particles again be formed in the fame} 1 
Manner, the ſolid Parts of the Body ſhall be 
but one Eighth of its Bulk: And thus if the 
Compoſition be continued according to theſ 
ſame Rule, the ſolid Parts of the Body may 
be made to bear as ſmall a Proportion tl 
its whole Magnitude as ſhall be defired, not- 7 
withſtanding which, the Body, by means off 
the Contiguity of the Parts, ſhall be capabe 
of being hard in any Degree. Thus, Matte 
being infinitely diviſible, any the leaſt Port- 
on of it may be ſuppoſed to be wrought into 
Body of any defigned Dimenſions how greif ; 
ſoever, and yet the Pores of that Body none dl 
then 
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1 them greater than the ſmalleſt Magnitude 


propoſed at Pleaſure; and yet the Parts of the 


1 Body ſhall ſo touch, that the Body itſelf ſhall 
be bard or ſolid. Which ſhews that the whole 


lobe of the Earth, nay, all the known Bodies 


r the Univerſe, for any thing that appears to 


s to the contrary, may be compoled of no 


eeater Quantity of Matter than what might 
ee reduced into any determinate Space how 
mall ſoever. 1 


* 


becauſe if the Surface abounds with ſuch, 
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DISSERTATION I. 
Of the Cauſe of Refledtion of Light 


H E Opinions of Philoſophers relating = | 

the Cauſe of this difficult Phenomenn,l 
are principally four, which I ſhall here aſi 
down and examine particularly; after n 
I ſhall give my own Thoughts, concerning i 
And, 
1. It was the Opinion of Philoſophers ol 
fore Sir Iſaac Newton diſcovered the contranfſ 2 

that Light is reflected by impinging upon th 
ſolid Parts of Bodies; but that it is not 9 
is clear from the following Reaſons. 5 

And firſt, it is not reflected at the firſt Sub 
face of a Body by impinging againſt it. | 
For it is evident, that in order to the dui 
and regular Reflection of Light, that is, tha 
the reflected Rays ſhould not be diſpert 
and ſcattered one " fr another, there of 4 
to be no Raſures or Unevenneſs in the refle&in 
Surface large enough to bear a ſenſible Prof 
portion to the Magnitude of a Ray of Light I 


reflected Rays will rather be ſcattered like | | 
Parcel of Pebbles thrown upon a rough Pa] 
ment, than reflected with that Regular 
with which Light is obſerved to be from WM 

we 
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= well poliſhed Surface. Now thoſe Surfaces 
Ws which to our Senſes appear perfectly ſmooth 
and well poliſhed, are far from being ſo; for 

= to poliſh is no other than to grind off the 
larger Eminences and Protuberances of the Me- 
WS tal with the rough and ſharp Particles of 
and, Emery, or Putty, which muſt of Ne- 
= ccflity leave behind them an Infinity of Ra- 
Wares and Scratches, which though inconſide- 
iche rable with regard to the former Roughneſles, 
and too minute to be diſcerned by us, muſt 
nevertheleſs bear a large Proportion to, if not 
vaſtly exceed the Magnitude of the Particles of 
Light. 
== Secondly, It is not reflected at the ſecond 
urface, by impinging againſt any ſolid Particles. 
That it is not reflected by impinging upon 
che ſolid Particles which conſtitute this ſecond 
Surface, is ſufficiently clear from the foregoing 
Argument; the ſecond Surfaces of Bodies being 
as uncapable of a perfect Poliſh as the firſt; and 
it is farther confirmed from hence, viz. that 
"thc Quantity of Light reflected differs according 
co the different Denſity of the Medium behind 
the Body: And that it is not reflected by im- 
pinging upon the Particles which conſtitute 
the Surface of the Medium behind it, is evi- 
ent, becauſe the ſtrongeſt Reflection of all 
at the ſecond Surface of a Body, is when 
chere is a Vacuum behind it. This there- 
Wore wants no farther Proof. (See the Man- 
1.4 R 2 7 "IN 
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ner in which Light is in a 3 
the 8th.) 1 
II. It has been dan ght by We (0, tha I 
it is reflected at the fiſt Surface * a Body, 
by a repulſive Force equally diftuſed oval 
it, and at the ſecond, by an attractive Force. Wl 
I. If there bea repulſive! Force diffuſed ove 
the Surface of Bodies, that repels Rays of Light 
at al! Times, then, fince by increaſing the Ob. 
quity of a Ray we diminiſh its perpendicu- 
lär Force (Which is that only, whereby i 
muſt make its Way through this repulfirl 
Force) however weakly that Force may b 
ſuppoſed to att, Rays 8 Light may be mad 
to fail with ſb great a Degree of Obliquiiſ 
on the refieQing Surface, that there ſhall bi 
a feral Reflection of them there (J), and na 
one Particle of Light be able to make its Wall 
through, which is contrary to Obſervation; 
the Reflection of Light at the firſt Surface ol 
a of got; tpn ny being never total in aw 
Obliquizh 


) See Mufhenoro:h, Element. Phy ſic, Cap. 35. 4 
/) Dem Let AB (Fig. 71) rep elent the reflecting Sera, 
A CD the r:p-Ient os dittuſed over it, E F a Ra: dn 
Light incident upon it at the Point F, and let the, Line EN 
.by its Length expreſs the Force with which the Ray move il 
This Force is refolvable iato- the Forces EG and EH, «ol 
which is the ſame thine, HF and GF, which latter is ad 
1oie Force oy which the Ray endeavours to pierce. through Wo 
repulhve Power. But this Force may be diminiſhed 12 it A 
fruit n by augmenting the Obliquity of che Fay E F, agg; 
-cherelore it may be made leis ti a1 that of the repelling Po] 


in which Caſe the Ray will neceſſarily be reflected: And fn 
i Y | 
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WD bliquity whatever. The Hypothefi (5) therefore 

= this Particular muſt be falſe. 
2. As to the Reflection at the ſecond Sur- 
ce by the attractive Force of the Body, 
is may be conſidered in two Reſpects; firſt, 
hen the Reflection is fetal; ſecondly, when 
is partial. 
And firſt, in Caſes where the Reflection 
boral, the Cauſe of it is undoubtedly that 
me attractive Force by which Light would 
e refracted in paſſing out of the ſame Body, 
his is manifeſt from that Analogy which is 
pſervable between the Reflection of Light at 
his ſecond Surface, and its Refraction thee. 
or otherwiſe, what can be the Reaſon that 
ee total Reflection ſhould begin juſt when 
ee Obliquity of the incident Ray, at its Ar- 


* 


eſane is demonſtrable of any Ray, (let it move with a greater 
les Force than the Ray EF) the Obliquity of the Rays may 
4 P great, that there ſha!l' be a total Reflection of them. 
* 4 0 FE AJ 1 
) And yet from an Experiment made by Sir I/aac New2or, 
ee his Optics, Book III) it appears that there is a repulſive 
_grce between Light and ſome Bodies. The Experiment is as 
owe. If over an Hole in a Window-ſhutter be fived a thin 
eee of Lead, or the like, in which there is an Hole abort 
e fortieth' Part of an Inch in Diameter; and if when the 
n hin through that Hole, an Hair be held in its Ry ag 
re Diſtance from the Hole; the Progreſs of the Rays after 
ey have paſſed by the Hair will be as expreſſed in the 
ea Figure, where A is a Section of an Hair, BC an Hole 
a Window-ſhutter ; BL, UF, DE, Sc. Rays paſting through 
in the Middle of which is placed the Hair A; and, let 
be a Paper held at ſome Diſtance behind the Hair. Things 
ng thus diſpoſed, the Ray B L ſhall fall upon O, UF upoa 
my | DE upon R, GH upon P, &c. as repreſented in the Figure. 
I R 3 rival 
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coloured Rays and tranſmit the Red, and if 
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rival at the ſecond Surface, is ſuch, that the 
refracted Angle ought to be a right one; oM 
when the Ray, were it not to return in Re. 
flection, ought to paſs on parallel to the Sur. 
face, without going from it? For in thi 
Caſe it is evident, that it ought to be returneli 
by this very Power, and in ſuch Manner tha 
the Angle of Reflection ſhall be equal to the 
Angle of Incidence: Juſt as a Stone thromW 
obliquely from the Earth, after it is fo fall 
turned out of its Courſe by the AttraQtion 
of the Earth, as to begin to move horizon. 
tally, or parallel to the Surface of the Earth 
is then by the ſame Power made to return in 
a Curve fimilar to that which it deſcribe 
in its departure from the Earth, and ſo fall 
with the ſame Degree of Obliquity that Mi 
was thrown with. A 

But ſecondly, as to the Reflection at thi 
ſecond Surface, when it is partial; an ali 
tractive Force uniformly ſpread over it, ai 
the Maintainers of this Hypotheſis conceinM 
it to be, can never be the Cauſe thered 
Becauſe, it is inconceivable that the ſam 
Force, acting in the ſame Circumſtances ul 
every Reſpect, can ſometimes reflect the Yiu 
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other times reflect the Red and tranſmit tf 
Violet. N 

This Argument concludes equally again 
a repulſive Force uniformly diffuſed over „ 5 
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he aarſt Surface of a Body, and reflecting Light 
chere; becauſe ſome Bodies reflect the Violet 
\- and tranſmit the Red, others reflect the Red 
ur. and tranſmit the Violet at their firſt Surface; 
hi which cannot poſſibly be upon this Suppo- 
dei fition, the Rays of which-ever of theſe Co- 
ha lours we ſuppoſe to be the ſtrongeſt. 
the III. Some, being apprehenſive of the Inſuf- 
un ficiency of a repulive and attractive Force 
(WF diffuſed over the Surfaces of Bodies and acting 
io uniformly, have ſuppoſed that by the Action 
on WM of Light upon the Surfaces of Bodies the 
+ A Matter of theſe Forces is put into an undu- 
„ tory Motion, and that where the Surface of 
bell it is ſubſiding, Light is tranſmitted, and in 
fal thoſe Places where it is riſing, Light is re- 
, (8 fiected (2). But this ſeems not to advance 

us one Jot farther; for in thoſe Caſes, ſup- 
= poſe where Red is reflected and Violet tranſ- 
HY mitted, how comes it to paſs that the Red 
impinges only on thoſe Parts when the 
u Waves are riſing, and the Violet when they 
are ſubſiding ? | 

IV. The next Hypotheſis, that I ſhall take 
notice of, is that remarkable one of Sir Iſaac 
| Newton's Fits of eaſy Reflection and Tranſ- 
nion, which I ſhall now explain and ex- 
amine. E 
= That Author, as far as I can apprehend his 
Meaning in this Particular, is of Opinion, that 


(n) See Maſthenbroek Element, Phyſic. Cap. 35. 
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be eaſily tranſmitted, and when it is in that 
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Light, in its Paſſage from the luminous Body, 
is diſpoſed to be alternately reflected by and 
tranſmitted through any refracting Surface it 
may meet with; that theſe Diſpoſitions (which 
he calls Fits of eaſy Reflection and eh if 
Tranſmiſſion) return ſucceſſively at equal Inter- 
vals: And that they are communicated to it 
at its firſt Emiſſion out of the luminous Body 
it proceeds from, probably by ſome very 
ſubtle and elaſtic Subſtance diffuſed through 
the Univerſe, and that in the following 
Manner. As Bodies falling into Water, 
or paſſing through the Air cauſe Undulations 
in each, ſo the Rays of Light may excite 
Vibrations in this elaſtic Subſtance. The 
Quickneſs of which Vibrations depending on 
the Elaſticity of the Medium (as the Quick- 
neſs of the Vibrations in the Air, which pro- 
pagate Sound, depend ſolely on the Elaſticity 
of the Air, and not upon the Quickneſs of 
thoſe in the ſounding Body) the Motion of 
the Particles of it may be quicker than that 
of the Rays; and therefore when a Ray at the 
Inſtant it impinges upon any Surface, is in 
that Part of a Vibration of this elaſtic Sub- 
ſtance which conſpires with its Motion, it may 


? 


—_ RAR CCS 


- 


Amo rh... ( > =, & fy $3 


— - 
@_—_— 


Part of a Vibration which is contrary to its 
Motion, it may be reflected. He farther ſup- 
poſes, that when Light falls upon the firſt 
Surface of a Body, none is reflected there, 

bu 
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vat all that happens to it there is, that every 
Ray that is not in a Fit of eaſy Tranſmiſſion 
Wis there put into one, ſo that when they come 
at the other Side (for this elaſtic Subſtance 
eaſily pervading the Pores of Bodies, is 
capable of the ſame Vibrations within the 
Body as without it) the Rays of one Colour 
chall be in a Fit of eaſy Tranſmiſſion, and 
WS thoſe of another in a Fit of eaſy Reflection, 
according to the Thickneſs of the Body, the 
10 WW Intervals of the Fits being different in Rays 
r, of a different Kind. This very well accounts 
ns WF for the different Colours of the Bubble and 
te thin Plate of Air and Water (mentioned in 
he Chap. x11.) as is obvious enough; and like- 
on (wiſe for the Reflection of Light at the ſecond 
k- WY Surface of a thicker Body; for the Light re- 
0- 8 ficaed from thence is alſo obſerved to be 
ty coloured, and to form Rings according to the 
of BY different Thickneſs of the Body, when not 
of RF intermix'd and confounded with other Light, 
at as will appear ſrom the following Experiment. 
he If a Picce of Glaſs be ground concave on 
in one Side and convex on the other, both its 
1b- Concavity and Convexity having one com— 
mon Center, and if a Ray of Light be made 
bat to paſs through a ſmall Hole in a Piece of 
itz Paper held in that common Center, and be 
p- Permitted to fall on the Glaſs; beſides thoſe 
rt Kays which are regularly reflected back to 
re, che Hole again, there will be others reflected 
but 7” 4 to 
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to the Paper, and form coloured Rings ſur. 
rounding the Hole, not unlike thoſe occa- 
fioned by the Reflection of Light from thin 
Plates. The fame will happen if the Rays be 
reflected from a metalline Speculum, but the if 
Light will not be coloured; which ſhews tha 
the Colours ariſe from that Light which is re. i 
flecte from the Back-fide, and that in the 
following Manner: Beſide that Light which u 
regularly reflected from the farther Surface of 
the Glaſs, there is ſome reflected irregularly, 
which paſſing from the back Surface unde 
different Obliquities, does as it were paß 
through Glaſſes of different Thickneſſes, and 
therefore is in Part reflected back again when 
it comes to the firſt Suface, and is in pan 
tranſmitted through it, the tranſmitted Light, 
when received upon the white Paper, exhibiting 
the Rings of Colours abovementioned (o). 
As to the Light which is ſuppoſed u 
be reflected at the firſt Surface, bis Op- 
nion ſeems to be, that it is not Z7bere te. 
flected, as I obſerved above, but that it te 
ally enters the Surface, and is reflected fron v 
the Back- ſide of the firſt Series of Particle tc 
that lie therein; ſo that according as theſ ci 
Particles are larger or ſmaller, the Rays da 
Light which at their Entrance into then 1 


A r os ic OOO 


6) This Experiment ſucceeds better, when the Back part 
the Glaſs is Quick-filvered over. i : 
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(bor they are tranſparent, whether the Body 


- they compoſe be ſo or not, See Page 154) 
in are thereby put into Fits of eaſy Tranſmiſſion; 
be at their Emerſion at the other Side are ſome 
he in a Fit of eaſy Tranſmiſſion, others in a Fit 


ot eaſy Reflection, according as the Interval of 
-S their Fits are large or ſmall. So that the 


he particles of a Body may be of ſuch a Size 
i chat they ſhall reflect the Red and tranſmir 
ci the Violet; or that they may reflect the Violet 
and tranſmit the Red; or, in general, that 


der the ſtrongeſt and moſt forcible Rays may be 
al tranſmitted, while the weaker are reflected; 
mae or the weaker may be tranſmitted, while the 
en ſtronger are reflected. 


ht BR Thus I have endeavoured to clear up the 
ing Account Sir IAAc NEWTON has left us of 
his own Sentiments concerning this Matter. 
But after all, I cannot ſay that I thing his 
Solution the true one, It is too much clog- 
Ned with Suppoſitions; neither is it conſonant 
re to that Simplicity, Uniformity, and Regularity, 
ron with which Nature is every where obſerved 
cl to act. The Time will come, when the Prin- 
hel: ciples of Attraction and Repulſion will be found 
done ſufficient to account for this perplexing 
Wy Phenomenon. Would any one that has a 
Wy Genus for a Work of this Kind, and Oppor- 
Wy {unity to make the neceſſary Experiments, 
aſſume thoſe Sir Iſaac Newton has left, and 
4 4 | add 
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add others, as his Judgment ſhould direct 
him; he would ſoon. be able to give us a; 
eaſy and ſimple a Solution of the Refletin 
of Light, as we already have of any other 
Phenomenon whatever (p). 


7 ) Perhaps i it may be of Service to one that ſhall undertake 
this, to acquaint him of a Fact relating to this Matter, which 
every Philoſopher is not appriſed of, ve. That a Piece of Iron, 
when heated, aſſumes all the Colours of the Rainbow before it 
becomes red hot. 
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DISSERTATION. I. 
Of Microſcopes and Teleſcopes." 


s{ 4 * 


H AT the Teleſcope is of molle In- 
vention is moſt certain; neither does it 
pppear that Microſcopes or Optic Glaſſes of 
Kind were known to the Ancients, 
tough there are two Paſſages brought to ſhew 
What ſuch Glaſſes were of Uſe among them. 
WT he one is quoted by Pancirollus from Plau- 
,, Cedo*Fitrum, neceſſe eſt Conſpicillo ati; 

Wthe other is taken from Pliny, C. Julius Me- 
iicus, dum inungit Specillum, Sc. The for- 
mer of theſe Quotations is a Fiction, no ſuch 
Piſage being to be found in the Writings 
ef Plautus 0 and the Word Specillum in 
= /:y is not to be underſtocd of an Optic- 
lass of any Kind, but of a Probe or other In- 
1 firument made uſe of by the Surgeons of that 
rime (7). 

It is contended, that Alexander de Spina, 
Wa Native of Piſa, was the firſt that made 

the Uſe of Glaſſes known to the World; 
but our Countryman, Friar Bacon, who died 
gone and twenty Years before him (3), was, in 


2 r R ( ERECE 


(7) Vid. Lettere Memorabili del Abbate Michele Giuſtiani. 


Parte terzu. Let. 16. 


(r) See Molineux's Dioptrics, Part 1I. Ch. 6, 
(-) In the Year 1292, 


all 
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all Probability, acquainted with them firſt, fy 
he wrote a Book of Perſpective, in which, þ.\*7 
plainly ſhews that he did not only underſtanij' 
the Nature of convex and concave Glaſſes, bu 
the Uſe of them when combined in Tele. 
ſcopes (t); though he no where in that Tre. 
tiſe diſcovers the Manner in which they are 1 


be put together. 


The Teleſcope with the concave Eye-glal: ; | 
was firſt invented by a Mechanic of Midal. 


burg in Zeland, called Z. Jobannides, abou 


the Year 1590, though J. Lipperboy, anotbe 
Dutchman, is Candidate for the ſame Diſcove. 
ry (42). From whence, this Sort of Teleſcope? 


* 
* 


is called Tubus Batavus (x). 


Franciſcus Fontana, a Neapolitan, contend, 
that he was the firſt Contriver of the Teleſcope}: 
compoſed of two convex Glaſſes, which is noy! 
the common aſtronomical Teleſcope (y); a 
Kheita pretends to be the firſt that render 
that Teleſcope fit for terreſtrial Uſes, by add 
ing two Eye-glafſes to it (z). This Kind 


Teleſcope is called d:optrical. 


0 See his Penpegive, Part III. and his Epifola ad Pari, 


/em, Cap. 5. | 
(u) Vid. Borellus de vero Teleſcopii Inventore. 


(x) This i by ſome called Galiles's Teleſcope, as invented , 
him; but Galileo acknowledges, that it was upon hearing d 4 


the Dutchman had contrived one, that he effected his. 
(y) Sec hi- Obſerwariones cœliſt ium terreſtriumg; Rerum. 


(z) Ocul. Enoch & Elie. Lib. IV. Hift, Acad. Reg. Lib.“ 


Sed. 1. Cap. 7. 
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The Catadioptrical or reflecting Teleſcope 
was invented by Sir Jaac Newton ; of which 
we ſhall give a particular Deſcription when 
ve have explained the former Sort, and ſhewn 
the Defects of them. 


XZ Microſcopes are of two Kinds, Simple and 
1 Compound. The firſt Sort conſiſts of one 
Glass; the other of two or more. 


. 
"of The Simple Microſcope is no other than 
Fa convex Lens, through which, as we have 
"X ſhewn (Chap. vii. Prop. 3) Objects appear 
I magnified. 
An Object ſeen through this Microſcope 
DR appears magnified nearly in that Proportion 
which the Diſtance, at which an Object would 
Abe ſeen diſtinctly with the naked Eye, bears 
e to the focal Diſtance of the Microſcope. | 
Thus, let AB (Fig. 73) repreſent the Mi- 
= croſcope, CD an Object placed at the focal 
X Diſtance of parallel Rays, or ſomething nearer, 
that the Rays of the ſame Pencil may be 
* parallel to each other, or rather diverging in a 
mall Degree, when they enter the Eye (this 
Lircumſtance being requiſite to diſtinct Vi- 
a ſion:) And let the Microſcope be fo ſmall, 
I that all the Rays that paſs through it from 
zu. the Object may enter the Pupil of the Eye 
EF at the ſame time, when placed cloſe to it 
| as 


by , 
1 . 
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as in the Figure (for, unleſs it be ſo ſmall, it will 
ſcarce magnify ſufficiently to obtain the Nam | 
of a Microſcope.) Things being thus diſpoſed 
the Angle under which this Object appear 
will be GIH, or CID; but this is nearly the 
fame it would have appeared under, hal 
there been no Microſcope interpoſed (a). No. 
withſtanding which, the Object is properly 
enough ſaid to appear magnified by this Mi. 
croſcope, becauſe, without that, it could na 
have been ſeen diſtinctly at fo, ſmall a Dil. 
tance from the Eye, but muſt have been ſ. 
tuated eight or ten Inches from it; and theres 
fore, ſince Objects appear under a larger Angl} 
the nearer they are to the naked Eye, this Ob. 
ject appears larger, or is magnified by means dl} 
the Microſcope, in Proportion as it is ſeen dif» 
tinctly at a leſs Diſtance with it than withou" 
it. Objects therefore are magnified hereby 
nearly in that Proportion, which the Diſtance" 
of diſtinct Viſion bears to the focal Diſtance oF" 
the Microſcope (5). 'F 


4 Oo” 


(4) For had there been no Microſcope interpoſed, the A, 
CID would have been in the Middle of the Pupil, (ſee the Nor 
in Page 6:) and therefore ſomething leſs, as being farther fron} 
the Object; but this is an accidental Circumſtance depending up 
the Thickneſs of the Lens, and its Diſtance from the Center, 
the Pupil, and therefore not conſidered in the Theory. N 

(5) An Object will alſo appear diſlinct, though it be ſituated at 


very ſmall Diſtance from the Eye, by being viewed through on 
{mall Hole in a piece of Paper, the Reaſoa of which was en iv. 
plained in Note Page 64. But then this Hole muſt be made F 
very ſmall, that, unleſs the Object be ſtrongly illuminated, 


TA 


Wi}. appear very obſcurely through it. 


1 2 
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The Form of a Compound Microſcope is 


Expreſſed in the 74th Figure, where AB re- 


Preſents a ſmall convex Lens, whoſe focal 


iſtance is ſuch, that Rays flowing from the 


1 f Point C may be collected in D; and EF is 


larger Lens whoſe Focus of parallel Rays 


*Foincides with the Point D; and FG repre- 
ents an Eye ſo ſituated that Rays proceeding 


rom an Object at KL may enter the Pupil 


pf it, after having paſſed through both Glaſſes. 
hings being difpoled in this Manner, the Ob- 


ect KL will appear magnified and alſo diſ- 


For firſt, let RCS repreſent a Pencil of 


| | Rays flowing from the Point C, theſe will 
Ineet their Axis again in the Point D by Sup- 
„ pPoſition, and croſſing there will enter the 


Tens EF diverging from its Focus of parallel 
Mays, and will therefore enter the Pupil of 


Ihe Eye in Directions parallel to each other, 
and concur upon the Retina at Q; the Object 
Prill therefore appear diftine, 

8 Secondly, a Pencil of Rays flowing from 
Inother Point of the Object, as L, will meet 


eir Axis in M, and diverging from thence 


Prill, after being refracted by the Lens EF, 
pecome parallel with reſpect to each other; 
put with reſpect to the former they will 
Fonverge, becauſe with regard to them, they 
Pwerged before they paſſed through the Lens 
EF trom J, a Point more diſtant than its 


8 Locus 
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Focus of parallel Rays They will conſequenthſ - 

croſs them at ſome Diſtance from it, ſupp; 
at H, where the Pupil of an Eye being place 

to receive them, the Point L will be rep 

ſented at O. And for the like Reaſon, . 
Point K being repreſented at P, the Objed 
will be ſeen under the Angle PHO or EHF 
which, as will be demonſtrated in Note 0 | 
is much larger than that under which it wou 


have appeared to the naked Eye (c). 


That Glaſs AB, which is Gtuated nert ul 


Objcct, is called the Objeet-glaſs; that whit! 
is placed next the Eye, the Eye-glaſs (d). 


The Proportion of magnifying, in a Mic l 


ſcope of this Kind, is nearly in a Kat 
compounded of the Proportion which th; 
Diſtance of the Image from the Objet 


glaſs bears to its Diſtance from the Eye-glok# ö 
and of that which the Diſtance of the 0X 


c) It may be remarked here, that when we view an Obi 
th.ough :n Inflrument of this Kind, we are then in reach 
looking at the Image of that Object through a ſingle Mic 
ſccpe. Thus, it is MN the Image of the Object KL, forth 
by the Concurrence of the Rays of each Pencil in their re peda 


Foci, which we ſee through the Lens or ſingle Microſcope E 
ſo that the Addition of the Glaſs A Bis only that we may lu 
an Image of the Object to look at, larger than the Object ic, 


(4) In ſome Microſcopes there is a third Glaſs placed betw| 


the Object-glaſs and the Image, and is called à Middle. gu | 
This is placed there only to bring the Rays to a Focus the 10 
in order that the Image may fall nearer che Object- .glats u 


" 1 
* * 
J 
2 


otheru ne would do. 


Mi 
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ea from the Eye bears to its Diſtance from 

the Object-glaſs (e). 
f 8 2 After 


.) Lemma. Let EF (in Fig. 75) be a Lens, whoſe Focus of pa- 
rallel Ravs is D; and let Rays flowing from the Point I be col- 
Wed in H ; I ſay, that if X be the Middle of the Lens, IX will 
F be to XH, as ID to DX. 
SE: Demunhiration File Lemma. On D the Frcus of parallel Rays 
e)} Werc& the Perpendicular DM; and let IE be an Incident, and EH 
e refridted Ray: Then whereas Rays flowing from D, and paſ- 
ing through the Lens, would after Refraction be parallel to each 
other and to DX, 2 Line drawn from thence through the Middle 
th or the Lens ; Rays flowing from M and p ſſing through the Lens, 
ic) ill alſo be refracted into Lines parallel to chemſelves, and con- 
ſequently to MX that which paſles through the Middle of the 
en,: conſequently EH 1s parallel to MX; the Triangles there- 
ore IMX and IEH are ſimilar ; and therefore IM is to ME as 
IX to XH: But IM is to ME alfo as ID to DX, the Triangles 
xD and IEX being alſo ſimilar ; IX is therefore to XH as ID 
te. ro Dx. Q. E. D. 
ed. = Demonſtration f the Propoſition. To avoid the Confuſion which 
i mignt ariſe from the Multiplicity of Lines in the 24th Figure, let 
e only CXH 2nd LEH, wiz. the Axes of the Rays which proceed 
O om the Points C ard L, be repreſented as in Fig. 75, and 
draw the Line LH, then will CHL be the Angle under which 
half the Object would be ſeen by the naked Eye at H; but 
ie EH is the Angle under which the ſame Half appears when 
viewed through che Microſcope, Now this Angle is to the 


* Former in a Ratio compounded of the Angle EHX to EIX, and 
W f the ſame EIX, or (which is equal to t ha vertical!) CI. 
cd to CHE ; becauſe the Ratio that any two Qunntities bear to each 

i er. is compounded of the Ratio avhich the fir fi bears to any other, 
u nd the Ratio arhich that other bears to the Second, Bit the 


mo rt of theſe Ratio's, viz. EHX to EIX, is as IX to XH, or 
which, as demo iſtrated in the Lemma, is the ſame thing as 
ED to DX; chat is, as the Diſtance of the Image from the 
Object-glaſs to its Diſtance from the Eye-glaſs : And the other 
Eg 4770, ci CIL to CHL, is as CH to I, that is, as the 
ide nce of the Object from the Eye to its Diſtance from the 
Pbdject glaſs. Therefore, Cc. Q. E. D. 


Bat 
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After what has been ſaid concerning thi 
Structure of the Compound Microſcope, an 
the Manner in which the Rays paſs througil 
it to the Eye, the Nature of the common 
tronomical Teleſcope will eafily be under. 
ſtood, for it differs from the Microſcope only 
in that the Object is placed at ſo great a Di. 
tance from it, that the Rays of the ſan 
Pencil, flowing from thence, may be confidereiſ 
as falling parallel to one another upon th 
Object-glaſs; and therefore the Image mat 
by that Glaſs is looked upon as coincident wii 
its Focus of parallel Rays. 2 

The 76th Figure will render this very plain 
in which ABC is the Object emitting th 
ſeveral Pencils of Rays ADF, BDF, &c. bl 
ſuppoſed to be at ſo great a Diſtance frond 
the Object-glaſs DF, that the Rays of ti 
fame Pencil may be confidered as parallel 
each other, they are therefore ſuppoſed to 


But it is proper to compare the Angle EHX with that ui 
der which the Object would appear to the naked Eye at a 
tance proper for diltin& Viſion ; becauſe when a Perſon vim 
an Object by the Help of a Microſcope, he is often obliged ll 
place his Eye at a Diſtance from the Object, very differ 
from that at which he would chooſe to place it, were he to 
at it with the naked Eye; and then, inſtead of the Diſtance li 
the Object from the Eye in the foregoing Propoſition, we nan 
ſubititue the Diſtance of diſtincti Vition ; in which Cale it vl 
fiand thus: The Proportion of magnifying is nearly in a 1. 
compounded of the Proportion which the Diſtance of the Inv 
from the Object-glaſs bears to its Diſtance f:om the Eye-gl ? 
and of that which the Diſtance of diſtinct Viſion bears to " 
Diſlance of the Object from the Object-glaſs. 
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ollected into their reſpective [co at the 
oints G, , I, ſituated at the focal Diſtance 
f the Object-glaſs DF. Here they form an 
mage, and croſſing each other proceed di- 
erging to the Eye-glaſs KM; which being 
placed at its own focal Diſtance from the 
Points G, I, I, the Rays of each Pencil, after 
P paſſing through that Glaſs, will become paral- 
iel among themſelves, but the Pencils themſelves 
will converge conſiderably with reſpect to one 
another, even ſo as to croſs at P, very little 
farther from the Glaſs KM than its Fvcus ; 
WF bccauſe, when they entered the Glaſs, their 
Arxes were almoſt parallel, as coming through 
the Object-glaſs at the Point E, to whoſe 
IX Diſtance the Breadth of the Eye-glaſs KM 
in a long Teleſcope bears very ſmall Pro- 
portion. So that the Place of the Eye will 
be nearly at the focal Diſtance of the Eye- 
=D glaſs, and the Rays of each reſpective Pencil 
being parallel among themſelves, and their 
Axes croſſing each other in a larger Angle 
than they would do if the Object were to 
be ſeen by the naked Eye, as we ſhall de- 
monſtrate in the Notes, Viſion will be 4%inct, 
and the Object will appear magnified. 

The Power of magnifying in this Teleſcope 
is as the focal Length of the Object-glaſs to 
the focal Length of the Eye-glaſs (1). 


S 3 Tt 

(f) Dem. In order to prove this, we may co ſider the An UE 
AEC as that under which the Object would be ſeen by tas 
nabe! 


1 N 
3 ; 
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It is evident from the Figure, that the vi. 
fible Area, or Space which can be ſeen at on: 
View when we look through this Teleſcope, 
depends on the Breadth of the Eye-glaſs, and 
not of the Objcct-glaſs; for if the Exe-glaß 
be too ſmall to receive the Rays GM, Ik, 
the Extremities of the Object could not hart vj 
been ſeen at all: A larger Breadth of the Ob. 
ject- glaſs conduces only to the rendering each 
Point of the Image more luminous by re- 


cciving a larger Pencil of Rays from each Point 
of the Object. 4 


It is in this Teleſcope as was remarked «& | 
the compound Microſcope in the Notes, 
(Page 174), that what we ſee, when we look 
through it, is not the Object itſelf, but on) 
an Image of it at GI : Now that Image being 
inverted with reſpect to the Object, as it is 


becauie the Axes of the Pencils that flon 
from the Object croſs each other at E, Ob. 


jects ſeen through a Teleſcope of this Kind 
nccrſſarily appear ixverted. 


446 


naked Eye; for in conſidering the Difance of the Object, de 
Length ot the Teleſcope Ei may be omitted, as A no | 
Proportion to it. Now the Angle, under which the Object 
ſeen by means of the Teleſcope, is KYM, which is to the — | 
AEC, or its Equal KEM, as the Diſtance EL to LP, or which 
is the ſame Thang, by Lemma to the foregoing Note, as El] w 
HL. The Angle therefore, under which an Object appears to} 
an Eye aſſiſted by a Teleſcope of this Kind, is to that undet 
which it would be ſeen without it, as the focal Length of the 
Object-glaſs to the focal Length of the Eye-glaſs. 


Thi 


if 
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This is a Circumſtance not at all regard- 


4 ed by Aſtronomers ; but for viewing Objects 
upon the Earth, it is convenient that the 
Teleſcope ſhould repreſent them in their na- 
tural Poſture; to which Uſe the Teleſcope 
with three Eye-glaſſes, as repreſented Fig. 77, 
is peculiarly adapted, and the Progreſs of the 


Rays through it from the Object to the Eye 


— 
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— — 


is as follows: 


AB is the Object ſending out the ſeveral 


pencils ACD, BCD, Sc. which patling thro” 
the Object-glaſs C D, are collected into their 
reſpective Foci in EF, where they form an 
inverted Image, from hence they proceed to 
the firſt Eye-glaſs HI, whoſe Focus being at 
SG, the Rays of each Pencil are rendered pa- 
=& rallel among themſelves, and their Axes, which 

were nearly parallel before, are made to con- 
verge and croſs each other at K: The ſecond 
Eye-glaſs LM, being ſo placed that its Focus 
T ſhall fall upon K, renders the Axis of the 
FX Pencils which diverge from thence parallel, 
and cauſes the Rays of each which were 
parallel among themſelves to meet again at 
its Focus NO on the other Side, where they 
form a ſecond Image inverted with reſpect 
to the former, but erect with reſpect to the 
Object. Now this Image, being ſeen by the 
Eye at XY through the Eye-glaſs QR, affords 
Ja direct Repreſentation of the Object, and 
under the ſame Angle that the firſt Iniaze 


S 4 EF 
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EF would have appeared, had the Eye be! 
placed at K, ſuppoſing the Eye-glaſſes to be of 
equal Convexity ; and therefore the Object i; 
ſeen equaily magnitied in this, as in the former 
Teleſcope, that is, as the focal Diſtance c 
tlic Object-glaſs to that of any one of the 
Eye-glaffes, and appears ered. W | 
"If a Teleſcope exceeds 20 Feet, it is of no 
Uſe in viewing Objects upon the Surface d 
the Earth; for if it magnifies above 90 or 100 
times, as thoſe of that Length uſually do, the 
Vapours, which continually float near the Earth 
in great Plenty, will be ſo magnified as to 
render Viſto obſcure. | 
The Teleſcope with the concave Eye-glaß 
is conſtructed as follows: I 
AB (Fig. 78) is an Object ſending forth | 
the Pencils of Rays ADE, BDE, Sc. which, 
after paſſing through the Object-glaſs, DE, FR 
tends towards FG (where we will ſuppoſe the? 
Kecus of it to be) in order to form an in- th. 
verted Image there as before; but in thei 
Way to it are made to paſs through the WR 
concave Glaſs HI ſo placed that its Focu ce 
may fall upon S, and conſequently the Rays FR 
of the ſeveral Pencils which were converging Þ 7? 
towards thoſe reſpective focal Points F, 8, G,. 
will be rendered att among themſelves; ? 
but the Axes of thoſe Pencils crofling each 
other at K, and diverging from thence, BY 
will be rendered more diverging, ſuppoſe in] {co 


4 uy 
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the Directions LM, NO. Now theſe Rays 
entering the Pupil of an Eye, will form a 


arge and diſtinct Image PQ upon the Reti- 
a, which will be znverted'with reſpect to the 


* 
OB 
+5 

4 


object, becauſe the Axes of the Pencils croſs 


Xn K; and the Angle the Object will appear 
Sunder will be equal to that which the Lines 
ML, ON, produced back through the Eye- 
Solas, form at X. 

is evident, that the leſs the Pupil of the 


ye is, the leſs is the viſible Area ſeen through 


a Teleſcope of this Kind; for a leſs Pupil 
would exclude ſuch Pencils as proceed from 
the Extremities of the Object AB, as is evi- 
dent from the Figure. This is an Inconveni- 
Sence that renders this Teleſcope unfit for many 
Uſes, and is only to be remedy'd by the Te- 
leſcope with the convex Eye-glaſſes, where the 
Rays which form the extreme Parts of the 
Image are brought together in order to enter 
the Pupil of the Eye, as explained above. 


It is apparent alſo, that the nearer. the 


. Eye is placed to the Eye-glaſs of this Tele- 


F ſcope, the larger is the Area ſeen through it ; 


cope is in the fame Proportion with that in 


for, being placed cloſe to the Glaſs, as in 
the Figure, it admits Rays that come from 


\ and B, the Extremities of the Object, 


which it could not if it was placed farther 


The Degree of magnifying in this Tele- 


the | 
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the other, vis. as the focal Diſtance of the : 


Object-glaſs is to the focal Diſtance of the! ] 


Eye-glals. 


For there is no other Difference but this, viz, 


that as the extreme Pencils in that Teleſcope 


were made to converge and form the Ange 
KPM (Fig. 76) or QPR (Fig. 77) theſe are 
now madc to diverge and form the Angle MX0 Fx 
(Fig. 78) which Angles, it the concave Glak 
in one has an equal refractive Power with the Þ 
convex one in the other, will be equal, and 
therefore each Kind will exhibit the Objet | 


magnified in the ſame Degree. 


There is a Defect in all theſe Kinds of JR 


Teleſcopes, not to be remedied by any Means 


whatever, which was thought only to « = 
riſe from hence, viz. that ſpherical Glaſs 
do not collect Rays to one and the ſam ? 
Point, as was obſerved (Chapter 111, nM 


the Notes) but it was happily diſcover'd h 


Sir ac Newton, that the Imperfection « Þ ; 
this Sort of Teleſcope, ſo far as it ariſ6 4 
from the ſpherical Form of the Glaſſes, bea 


almoſt no Proportion to that which is own 


to the different Refrangibility of Light. TB | 


Diverſity in the Refraction of Rays is about 


a twenty-eighth Part of the Whole, fo tha 


the Object-glaſs of a Teleſcope cannot colled 


the Rays which flow from any one Point in tie 
Object into a lets Room than the circular Spa 
whok We 


ce Ho 3 SES * 8 
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hoſe Diameter is about the fifty- ſixth Part of 


j he Breadth of the Glaſs (g). Therefore, ſince 
Seach Point of the Object will be repreſented 
n ſo large a Space, and the Centers of thoſe 


Spaces will be contiguous, becauſe the Points 


in the Object the Rays flow from are fo, 
St is evident that the Image of an Object made 


y ſuch a Glaſs muſt be a moſt confuſed 


Mepreſentation, though it does not appear fo 
hen viewed through an Eye-glaſs that mag- 
nifies in a moderate Degree; conſequently the 
Degree of magnifying in the Eye-glaſs muſt 
pot be too great with reſpect to that of the 
Object-glaſs, left the Confuſion become ſen- 
Fille. | 
v3 Notwithſtanding this Imperfection, a di- 
optrical Teleſcope may be made to magnify 
s iin any given Degree, provided it be of fuf- 
de fficient Length; for the greater the focal 
n Diſtance of the Object-glaſs is, the leſs may 
N 
0) To ſnew this, let AB, Fig. 7g, repreſent a convex Leng, 
nd let CDF be a Pencil of Rays flowing from the t oint D. and 
6 et H be the Point at which the leaſt reſtangible Rays are collect. 
ny d to a Focus, and I, that where the moit reſrangible concur ; 
mo hen, if IH be the twenty-eighth Part of EH, IK will be a pro- 
» WP <r:ionable Part of EC (the Triangles III K and HEC being 
IN Emilar:) Conſequently LK will be the twenty-eighth Part of 
out i FC. But MN will be the leaſt Space into which the Rays will 
de collected, as appears by their Progreſs repreſented in the Fi- 
hat Pure. Now MN is but about half of K L, and therefore it is 
ed bet about the fift / ſixth Part of CF, fo that the Diameter of the 
ke! pace, into which the Rays are coi.eted, will be about the ffty- 
te Wxth Vart of the Breudth of that Parc of the Glals through which 
ac rey Rays Paſs, Which was to be ſhewn, | 
Wd be 
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be the Proportion which the focal Diſtance q 
the Eye-glaſs may bear to that of the Objed. 


glaſs, without rendering the Image obſcur, 
Thus, an Object-glaſs, whoſe focal Diſtanc 
is about four Feet, will admit of an Eye. 


glaſs whoſe focal Diſtance ſhall be little mot 


than one Inch, and conſequently will magnih 
almoſt forty-eight times; but an ObjeQ-glak 


of forty Foot Focus will admit of an Eye. 1 


glaſs of only four Inch Focus, and will there. | 
fore magnify 120 times; and an Obje-glzb' 


of an hundred Foot Focus will admit of at; 


Eye-glaſs of little more than ſix Inch E 


cus, and will therefore magnify almoſt 200 
times (+). 
By 


(+) The Reaſon of this Diſproportion in their ſeveral * * | 
of magnifying is to be explained in the following Manner: Sine 
the Diameters of the Spaces, into which Rays Rowing from tit 
ſeveral Points of an Object are collected, are as the Breadth d 
the Object-glaſs, it is evident that the Degree of Confuſed} 
in the Image is as the Breadth of that Glaſs (for the Degree 0 
Confuſedneſs will only be as the Diameters or Breadths 0 


thoſe Spaces, and not as the Spaces themſelves.) Now the 6Þ 


cal Length of the Eye-glaſs, that is, its Power of magnifying} 
muſt be as that Degree; for, if it exceeds it, it will rend| 
the Confuſedneſs ſenfible; and therefore it muſt be as tit} 
Breadth or Diameter of the Object-glaſs. The Diameter d 
the Object. glaſs, which is as the ſquare Root of its Ape. 


ture or Magnitude, muſt be as the ſquare Root of the Pont i 


of magnifying in the Teleſcope, for unleſs the Aperture i 
ſelf be as the Power of magnifying, the Image will wi 
Light; the !quare Root of the Lower of magnifying will be! 
the ſquare Root of the focal Diſtance of the Object-glaſs; a6 
therefore the focal Diſtance of the Eye-glaſs muſt be only as th 
ſquare Root of that of the Obje&-glaſs. So that in maki 


Uſe of an Object-glaſs of a longer Focus, ſuppoſe than one MP f 
1 


HOiſſert. III. and Teleſcopes. 185 
FS But Teleſcopes of ſuch prodigious Length 
1 being very incommodious and unfit for Prac- 
tie, the catadioptritul or reflecting Teleſcope, 
Ins it is commonly called, invented by Sir 
hac Newton, is infinitely preferable to them; 
for one of theſe, fix Feet in Length, ſhall 
Tm magnify as much as one of the other of an 
nundred. The Form of the Tube, and the 
. KEProgreſs of the Rays through it, are as de- 
| ccribed in Figure the 8oth, where AB CD is 
the Tube, BC a concave reflecting Metal, EF 
na plain reflecting Metal fixed to the Tube by 
„Means of the Stem HI. MN repreſents a 
vl FE diſtant Object emitting Pencils of Rays from 
cach Point, two only of which are here 
ut FF repreſented, and thoſe cut off before they 
reach the Metal, to prevent Confuſion in the 
Figure. Now it is evident from what has 
been explained above (Chap. X. Propoſit. 3. 
Caſe 4.) that theſe Rays, were they not in- 
tercepted in their Way, would return after 
Reflection at the concave Surface B C, and 
form an inverted Image at OP, ſuppoſing 


is given, you are not obliged to apply an Eye-glaſs of a 
ptoportionably longer Focus than what would ſuit the given 
Obdject-glaſs, but ſuch a one only whoſe focal Diſtance ſhall 
be to the focal Diſtance of that which will ſuit the given Ob- 

ect glaſs, as the ſquare Root of the focal Length of the Ob- 
 jett-glals, you make Uſe of, is to the ſquare Root of the focal 
Length of the given one. And this is the Reaſon that longer 
3 Teleſcopes are capable of magnifying in a greater Degree 


than ſhorter ones, without rendering the Object confuſed or 
f coloured. 


that 
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that to be the Place of the Focus of refledei 


Rays. But in this Caſe the reflected Rau] 
are intercepted in their Return to that Plan 


hy the plain Metal, and are thereby throw! 
ſide-ways, and, inſtead of forming the Image 


OP, are made to form the Image QR;| 
which, becauſe the Rays have as yet ff 
fered no Refraction, is not liable to the! 


Retrangibility of the Rays of Light, nor t 
any other except what may ariſe from « 
imperfe&t Poliſh, or the Want of the Form 


of one of the cone Sections in the Reflech:“ 


BC; and therefore may be viewed by a 


Eye at T with a very ſmall Lens or Eye 1 


if 


= | | 
N 4 


Impe: fection which ariſes from the differen ® 


glais K L, without appearing either colourelf 


or confuled. 


It being inconvenient to find the Object wii 


a Teleſcope of this Form, a ſmall dioptric! 


Teleſcope with two Hairs or Wires run througf 


the Tube in the common Focus of the tw 


Glaſſes, and croſſing each other at right a 
Angles, is generally fixed upon it in fue 
a Manner that the Axis of one Teleſcope 


ſhall be parallel to that of the other, ſo thi 


when the Object appears in one at the Inte 
ſection of the Hairs, the other may be du, 


poſited for viewing the ſame Object throug 


its Side. 
But this Method af finding an Oben 


very incommodious for viewing terreſai 
One 


- 
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objects, and therefore the fame Kind of Te- 
Deſcope has been contrived and effected in the 
following Manner : 

s ABCDEFGH (Fig. 81) is the Tube, BG 
the concave teflecting Metal, with an Hole in 
Wit at IK. LM is another reflecting Concave 


; Whxed to the Tube by means of the Stem NO, 
the common Focus of the two Metals being 
x Wat P. Things being thus diſpoſed, let QR 


Frepreſent an Object emitting ſeveral Pencils 
u of Rays, two of which are repreſented in the 
on igure. Theſe, after Reflection, will form 
e the two Extremities of the inverted Image 
a 8 T (as explained Chap. X. Prop. 3. Caſe 4.) 
where the ſeveral Rays of the ſame Pencil 
ei croſs each other, and, being afterwards re- 
flected by the concave Surface LM, become 
parallel among themſelves, but the Pencils 
* themſelves are made to converge, and, croſſing 
B each other at V, paſs through the Lens CE, 
tu which having its focal Diſtance about V, 
iglt makes the Pencils parallel, and at the fame 
ac! Time renders the Rays of each Pencil con- 
coe verging, ſo as to form an erect Image WX, 
ung which is ſeen by the Eye at Y through another 
Lens at DE. 
aw; This Kind of Teleſcope is called the Gre- 
ou Serien, as being attempted by J. Gregory, 
| though in vain, (See his Oprica promota, 
ect Propoſit. 59.) [t is now grown common, 
ee and is excellently well adapted for the viewing 
bien terreſtrial 
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terreſtrial Objects, becauſe a Tube of this Kind | 


of two or three Fect in Length, will magnif} 
ſufficiently for that Purpoſe, 


1 


* . 


If the Reader would ſee a particular Hi. 
tory of the Invention of the ſeveral Sorts d 


mo A. anc tes 


reflecting Teleſcopes, he may conſult the I 


Optics, where he will find a full Account of 
it, together with the Letters that paſſed he. 
tween the Inventors themfelves upon that Oc. 
caſion. And for ſuch Authors as have er. 
plained the Nature of Microſcopes and Tele 
ſcopes in general, conſult Mr. Tohnſ5n's Que. 


ſtiones Philoſoph. Q. 34 & 35. 


2: 


dix to the laſt Edition of Gregoy\Yi 
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SS DISSERTATION IV. 
= 

[| Of the Rainbow. 

a 3 


x FJ JEfore the different Refrangibility of Light 
1 was diſcovered, all Attempts to ac- 
count for the Appearance of the Rainbow 
proved ineffectual; for it is no other than 
ine Diverfity of Refrangibility to which that 
Pbænomenon is to be aſcribed: As will ap- 
e Spear from the following Explication of it; 
in which, becauſe it is a Phenomenon not eaſily 


apprehended by Beginners, I hope to be ex- 


| Fcuſed, if I am more than ordinarily particu- 

Jar. To begin then: 

L The Rainbow is never ſeen, but when the 
Sun ſhines upon Drops of Rain falling on 
that Side of the Spectator which is oppoſite 
to the Sun. 

1 To illuſtrate this, let A (Fig. 82) repre- 
ſent the Eye of a Spectator, and let B, C, D, E, 
be a Series of Drops of Rain falling from 
a Cloud, on which let the Sun be ſuppoſed 
to ſhine from the Parts about 8, 8, Sc. then 

vill there, be exhibited the Appearance of 

a Rainbow in the Cloud; and it will be 
formed as follows. Let SB, SC, SD, &c. re- 

| Preſent the Sun's Rays, which (becauſe of 
EN che Sun's great Diſtance) we will ſuppoſe 
F- | T | paraliel 
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parallel; and let the Ray SC fall upon t 
Drop Cat the Point C: Then will fo mud 
of it as enters the Drop be refracted toad 
the Perpendicular, and proceed on, ſupp: 
to F, where Part of it will be tranſmitt 
and Part reflected, ſuppoſe to G (z) : Of til 
which is reflected to G, ſome will be thei 
reflected and ſome tranimitted; that wlad 
is tranſmitted will, on account of the Dive. 
ſity of Refrangibility to which Light is (vw 
7 ject (&) be ſeparated by Refraction, and ma 
= to exhibit the ſeveral priſmaric Colours, wil 
[| Red, Orange, Yellow, Cc. And if the ki 
„ Light proceeds from the Drop in the Lu 
| GR, the Orangy, ſuffering a greater Degree oi 
I Refraction, will proceed in one ſituated abou 
this, ſuppoſe in GO, and the Tele in CI 
Sc. and the Violet in GV; therefore, to 
Eye placed any where in the Line GR, M 
Drop C will exhibit a Red Colour, that i 
the Cloud will appear Red in that Plat 
To an Eye placed any where in the Li 
GO, the tame Drop would exhibit the 
of Orange Colour, and ſo on through all 
Colours of the Priſm. 1 

Now, let us conſider the Paſſage of a Rk 
of Light through another Drop at a certah 
Diſtance below this, vis. the Drop D, «lM 


0 ) See the Manner in which Light is reflected, Chap. vil 
{+) See Chap. x1, | l 
whic 
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nich let SD be the incident Ray. This 
Nay, after having been refracted and reflected 
Is the former was in the other Drop, will 
merge ſeparated into the Rays HR, HO, HY, 
. of which, if HR exhibits the Red, HO 
ill paint the Orange, HY the Yellow, &c. 

nd HV the Violet Colour; and the Ray in- 
a ident upon this Drop being parallel to that 

which was incident upon the former, the 
Rays exhibiting the ſeveral Colours ſeparated 

y this Drop, will be reſpectively parallel to 
he Rays exhibiting the correſpondent Co- 

ours ſeparated by means of the other Drop; 
u hat is to ſay, the Ray HR, which exhibits 
c Ned in this Drop, will be parallel to the Ray 

R, which exhibits the ſame Colour in the 
pther Drop; and ſo of the other correſpond- 
ng Colours. Conſequently the Rays HO, HY, 
c. which exhibit Orange, Yellow, Cc. in 
his Drop, will all converge towards GR, which 
echibits Red in the other: And therefore 
Each of theſe would croſs that, if produced 
ar enough, Let then the Ray HV in the 
Figure before us, which exhibits Violet in this 
Prop, be produced till it croſſes that which 
Exhibits Red in the other produced alſo, ſup- 
Poſe at the Point A where the Eye of the 
Ppectator is placed. To this Eye therefore, 
ppon this Suppoſition, will be repreſented in 
e Cloud at the fame Time two of the 
Nriſnatic Colours, vis. Red and Violet, the 
| 1 2 Red 
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Red above at G, and the Violet below £3 
H. But if we ſuppoſe the Eye placed (M 
ther back, where a Ray, that exhibits ancthe 
Colour in the Drop D, would croſs the Ry ; 
GR, or which comes to the ſame Thigg, | 4 
we ſuppoſe the Drop D ſo much nearer oi 
the Drop C, that that Ray may enter the H 
along with the other at A; then would tl 
Colour of that Ray be exhibited along with 
the Red. For Inſtance, if the Drop D 
placed ſo much higher, that the Ray H 
which exhibits Orange, may croſs the Rl 
GR at A, then to the Eye will be exhibit 
the Colours of Red and Orange; and if th 
be a third Drop below this, ſo placed thi 
the Yellow proceeding from it ſhall enter ti 
Eye alſo at the ſame Time, then will t 
of the priſmatic Colours appear to that H 
and ſo on for the other Colours, till the i 


tuation of the Drop be ſuppoſed as ly 


as where the Drop D is, and then the Yu 
and moſt refrangible Light is tranſmitted 
the Eye; but from Drops below this, 
Colour is tranſmitted thither, all the Ry 
which iſſue from a lower Drop, as E, palin 
below the Eye. And as thoſe Rays, wh 
paſs through the lower Drops, are too ll 
for the Eye at A, ſo thoſe which con 
from the higher ones, as B, are too hl 
as appears by Inſpection of the Figure; 


that there is nothing but total Darkneſs 7 4 
a 
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Above and below. Now ſince the Colours of 
the Rainbow are the ſame with thoſe of the 
rin, it is evident, from what has been faid, 
that between the Points G and , all the Co- 
Yours of that beautiful Phenomenon will appear, 
provided a ſufficient Number of Drops be ſup- 
lied from the Cloud, to prevent any Hiatus or 
WDeficiency in the Light reflected by them. 
But we have hitherto Zacizly ſuppoſed, that 
thc Rays SB, SC, SD, Sc. were all incident 
wich the ſame Degree of Obliquity upon the 
ESSurface of each Drop (that is, that they enter- 
ed at the ſame Diſtance from that Point in the 
Surface of each Drop which is neareſt the Sun) 
and that that Obliquity was certain and deter- 
minate: For Rays which enter the Drops with 
other Obliquities conduce nothing towards ex- 
ibiting the Colours of the Rainbow, and are 
herefore to be looked upon as ineffectual and 
E&//gnificant, The Truth of which we ſhall 
now proceed to ſhew. After this we ſhall be 
enabled to explain the remaining Particulars 
elating to the Horw. 
Let then SA, SB, SC, Cc. (Fig. 83) re- 
preſent the Sun's Rays falling upon the Drop 
H, the firſt perpendicularly to the Surface of 
t, the other with different Degrees of Obliqui- 
% according to their different Diſtances from 
The firſt; and let the Point at which the two 
gt, viz. SA and SB, would meet by mears 
pf that Reſraction which the oblique one SB 
2 3 ſuffers 


194 Of the Rainbow. Part Ill 


ſuffers in paſſing through the firſt Surface d 


the Drop, be H. Now it was remarked (Chap. 
III. Obſervat. 2. in the Notes) that wha 
parallel Rays fall upon a convex Surface, the 
nearer any one of the oblique ones is to tha 
which enters the Surface perpendicularly, the | 
greater ſhall be the Diſtance at which it wil | 
meet the perpendicular one after Refraction u 
that Surface; that is, in the preſent Caſe, tha 
the oblique incident Ray SB ſhall after Refrac. 
tion at B, (ſuppoſing it to paſs through the ſe. . 
cond Surface of the Drop without Refraction) 
meet the perpendicular Ray SA produced at 2 


greater Diſtance than SC ſhall ; and SC ſhal 


meet it at a greater than 8 D ſhall; SD | 
a greater than SE, Cc. H then being ſuppoſed 
to be the Point where SB meets SA, let I | 


that where SC, K that where SD, L that when 


SE, M that where SF would meet it, & 


From whence we may obſerve, 


That the farther we take the Rays from 
SA, the nearer the Points at which the . 


fracted Rays fall upon the ſecond Surface d 


the Drop approach to X, till we come to the 
Ray SD; after which, the farther we take then? 
from SA, the farther the Points they fall upon? 
are from X. For Inſtance, the Ray SB falbÞ* 
upon N; SC upon O; SD upon P; but SERR 
does not fall beyond P, but upon O, and RR 
upon N, Sc. So that upon every Point belov ft 


P there are two Rays incident; and the one di 
them! 
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chem is ſuch as enters the Drop on one Side of 
the Ray SD, and the other on the other; and 
the farther from it the one is on the one Side, 
the farther the other is on the other; and alſo 
che farther they are from it, the farther the 
point they meet at is from P. Thus SC and 
g meet at O, the Rays SB and SF at N, Ge. 
TE The Uſe of which Obſervation we ſhall ſee by 
and by. But let it be remembered, that I would 


ve underſtood here and in what follows of ſome 
one Species of Rays only. 


Now it is remarkable, that when two Rays 


a fall upon a Drop, and at their Entrance are ſo 

refracted, as to meet in a Point at the other 
Surface, and are from thence reflected to ſome 
© other Part of the Surface, and there paſs out 
of it; they ſhall after ſuch Emergency have the 
ſame Inclination towards each other, that they 
had before they entered the Drop. To explain 
this, let AB, CD, (Fig. 84) repreſent two 
ES Rays incident upon the Drop BEF, and let them, 

after Refraction at B and D, meet at the Point 
E, from whence being reflected, let them paſs 
out at F and G, and be retracted into the Lines 
FH and GI; then whatever Inclination the 
incident Rays AB, CD, have to each other, the 
emerging Rays FH and GI will have the ſame; 
22 becauſe the Angles of Incidence and Reflection 
gat E being equal, the Rays EF and EG will 
have the tame Inclination to each other, and to 


the Surface at F and G, that the Rays EB and 


T 4 ED 
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E D have to each other, and to the Surface y 
Band D. For if we conceive all theſe R 
to low from the Point E as a Radiant, and BA, 
DC, to be the refracted ones of the incident ons 
EB, ED, as FH and GI are of EF and EG mn 
it is evident, that under theſe Circumſtances, the Mee. 
Rays BA and CA will have the ſame Inclinatio n 
to each other, that FG and Hl have; but the pc 
Degree of Refraction is the ſame, whether EB f 
and ED, or AB and CD, be the incident Rays Wer: 
becauſe the refractive Power of the Drop is the n. 
ſame, whether the Rays paſs one Way, or the e 
other. The Propoſition therefore is true. 
From hence it follows, that the paralle| Fac 
Rays, SB, SF, (Fig. 83) which after Refraction Fon: 
meet at the ſame Point N, will if they ar: Fro 
from thence reflected, ſuppoſe in the Lines NQ, En 
NR, become parallel to each other, after thei We: 
Emergency, ſuppofe in the Lines QT, RV: 
But their intermediate ones SC, SD, and SE, 
which fall upon quite different Points at the? 
ſecond Surface of the Drop, and are from 
thence reflected, will not do ſo, but will go out? 
in Directions oblique to one another and to Abe 
them; and will therefore paſs on, not onlya FF-al 
different Way from them, but from one ano- f 
ther: So that the Rays QT and RV will be] the 
left to themſelves, being deprived of their in- pn 
termediate ones, by which Means they are And 
rendered, as to all Intents and Purpoſes of V- © | 
ſion, entirely uſeleſs and infgnificant, = = 
3 Again, 
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Again, the Rays SC and SE, which meet 
It the Point O, will alſo be parallel among 
hemſelves after their Emergency from the 
Prop, but their zutermediate ones will paſs off 
nother Way, though not ſo obliquely, with 
Wcſpc& to them and to one another, as thoſe 
Sn the foregoing Caſe; becauſe the feveral 
Points they fall upon at the ſecond Surface 
f the Drop, being fituated between O and P, 
re nearer to each other, than the Points the 
itermediate Rays fell upon, in the former Caſe, 
e vere to N. 

XZ But ſuch as are incident very near SD on 
each Side of it, will with their intermediate 
1 pnes all fall upon, or at an inſenſible Diſtance - 
e rom the Point P; ſo that theſe, after their 
„Emergency, will all paſs on parallel, or very 
r pearly ſo, to each other; and therefore when 
they enter the Eye of a Spectator, though he 
„ be at a conſiderable Diſtance, will affect him 
enſibly enough to excite the Idea of their 
pwn Colour (for as was obſerved above, I 
peak now only of Rays of one Colour) which 
e other Rays conſidered in the forementioned 
2 Laſes, for Want of their intermediate ones, were 
0- © $00 weak to do, however near the Situation of 
x | the Eye might be. Theſe therefore are the 
- | ®Þnly Rays that exhibit the Colours of the Bow, 
re and are hence called in Contradiſtinction to ſuch 
„enter at other Points of the Drops, that is, 
$'th other Obliquities, H,,: or forifcort. 
8 - It 
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It was proper tnerefore, in the Explication 2. V1 
bove, to ſuppoſe none to enter the Drop, bu s 
theſe. As to the Degree of Obliquity with WI 
which Rays muſt fall upon the Drops to be. xv 
come effectual, the Method of finding that wil 2: 
be ſhewn in the next Note. In 
Since then the effectual Rays enter each I 
Drop with the ſame Degree of Obliquity (1 | 
ſtill mean ſuch Drops as exhibit the ſame Co. 
lour) the emerging Rays muſt neceſſarily make 
the ſame Angle with the incident ones in even 
Drop. The Magnitude of which ſhall be de. 
termined in the Note below (a). That is, te 
Angle which the Ray SC (Fig. 82) makes wih! 
the emerging Ray GR which exhibits Red, will * 
be the ſame in all the Drops that exhibi 
that Colour, and ſo of the reſt, Let then tie 
Lin 


(a We are here to determine the Angle, which an incide 
eficatious Ray of any Colo m mukes with the emerging Ray d 
the ſame Colour. In order to this, Jet AB, CD, (Fig. 84) K 
two Rays incident upon the Drop BG, and let them be refrachi 
to E, and after Reflection there, and ſecond Refraction at Fi 
G, let them emerge in the Lines Ft. and Gl, making with h 
incident ones the Angle AKI, which is the Angle to be det: JE 
mined, 

Let us call the Rati», which the Sine of the Angle of Inc 
dence bears io that ot the Angle of Kefraction, I to R. Tha a 
from the Center L. to the Line BK, BE, DE, draw the Lins 
LM, LN, and LO, reipectively perpendicular, and with the Ri 
dirs LO e ſcribe the Arch OP, and draw the Line LB, and pr 
duce it o Then will ABQ, or its Eq a LBM, be tif 
Angle of Incidence of the Ray AB, and LN us Sine: LBN wil 
be the Angle of Retration, and LM its d ne: Likewiſe LR gil 
be the Sine of the Angle of incidence of tue other Ray CD, - 18 
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Line AI be ſuppoſed to be drawn from the 
un through the Eye of the Spectator. This 
ine, becauſe of the Sun's immenſe Diſtance, 
vill be parallel to the Sun's Rays SB, SC, SD; 
and therefore the Angle GAI which this Line 
makes with any one of the emerging Rays, for 
Inſtance GR, will be the ſame that the incident 


ones makes with it. Let us then imagine the 
Line AI fixed, and the Line AG to revolve 


+ Ground it, always making the ſame Angle with 


uit; then will the Line AG deſcribe the Surface 
e. Jof a Cone whoſe Apex will be at A, and its 
e Axis Al, and the Surface of this Cone will 
a Jin all Parts of it make the ſame Angle with 
il the Sun's Rays, becauſe they are parallel to 
NM | one 


O the Sine of its Angle of Refraftion. We ſhall therefore have 

bor the firſt Step of the following Proceſs 

this Proportion, vx. 1[LM: LN: : I: R 

And for the ſecond 2 LR: LO: : I: R 

hut by Conſtruction $160 == LF 
4 


herefore from the 2d and 3d 
Steps LR:LP::l:K 
ow if we ſubſtrat the two 

firſt Members of the fourth * 
Step from the two firſt of 
the firlt Step reſpectively, 
by which Means the Pro- 
portion between the Terms 
will not be deſtroyed, we 


3 {hall have EM—LR : LN-LP: : I: R 
Wut by the Figure LM. LR == MR 


#1 herefore from the fifth, ſixth, 
and leventh Steps, we have 


9 = ow 


IMR: NP 2212 R 
Parallel 


— —— — =_ 
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one another, and to the Axis of the Cone, 
therefore Drops of Rain, whatever Part of thi M& 
Surface they paſs through in falling, will, in the 
Inſtant of Time that they paſs through it, ſend * 
a red Ray towards the Eye of the Spectator ; fort 
is not neceſſary that the Drops ſhould be all u 
the ſame Diſtance from the Eye. In like man- 
ner Drops of Water, paſſing through the Surface | 
of a leſſer Cone made by the Revolution of the 
Line HV about the Line Al, will exhibit Yi © 
let; and ſo for the intermediate Colours. 80 
that the Rainbow, were we to ſee it entire 
would be a compleat Circle having its Center 
in the Line AI, and conſequently directly op- 
poſite to the Sun with reſpect to the Spectatot 
Eye. 


nw wr £A% 80 AM 


| Parallel to BE draw the Line DX, and on the Lines DR ant 
| DX let fall the Perpendiculars BT and BX, from the Point . 
J Then, becauſe we ſuppoſe the Rays AB and CD efficacious one, 
and therefore infinitely nearer one another, the little Triangles BI, 
BX D, and NOP may be conſidered as right- lined ones, and th: 
latter, viz. NOP may be alſo looked upon as right-angled at]. 
Upon this Suppoſition, the Triangles BTD and BLM will be f. 
milar, for they are right-angled at T and M; and tht Angles DA 
and MBL want each the ſame Angle TBL to make either of thn 
right, they are therefore alſo equal. For the like Reaſon the Ir: 
angles DBX and BNL are ſimilar, being right angled at X ai 7 
N, and wanting equally the Angle XBL to make thtir Angles at 
right ones. Bat to the Triangle BDX the Triangle NPO is allo 
nmilar, for they are right-angled at P and X, they hawe their Sidi 
NP and BA parallel, as being each perpendicular to the ſame Lin © 
BE; and their Sides NO and BD are alſo parallel, becauſe ti 
Points N and O, where tle Perpendiculars LN and LO fall, nw 
be in the Middle of the Lines BE and DE. Farther, fince e 
Lines BE and D are coincident at E, and the Points N and 
ace in the Middle of each, BD is double of NO; and 2 4 
quenuy, eu 
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Eye. The Reaſon that it does not appear fuch, 
is becauſe the Sun when the Rainbow is feen, 
is in or above the Horizon, and therefore the 
Center of the Bow being oppoſite to it, is in 


or belbio it, on the other Side the Spectator. 


Since the Angle made by the Line SC with 
GR, or which is the ſame thing, GR with AI 
is 42 Degrees and two Minutes, as determin- 
cd in the Note, it's evident that when the Sun 


is in the Horizon, the higheſt Point of the Bow 
is 42 Degrees and two Minutes above the Ho- 


rizon, 


quently, the Triangles N OP and B DX being ſimilar, BX is 
double of NP. From all which we have the following Steps, 


ux. | g{ BUL:BM:: BD:BY 
Aud f1o|BL: BN :: BD: BX 
By comparing theſe two toge- 

ther 11[BM: BN:: BT: BX 
But by Conſtruction 112{bT=MR 


3 And, as was juit now ſhewn, 13 | BX==2NP 
& Conſequently from the three 


laſt Steps 14|BM: BN :: MR: 2NP 
But by the eighth Step 15 [I: R:: MR: NP 
Therefore from the laſt 16 JI: 2R:: MR: 2NP 


Conſequently from the four- 


teenth and ſixteenth Step yIBM: BN: : I: 2R 


But from the firſt Step 18[LM: 2LN :: I: 2R 


Therefore from the two laſt 19 BM: BEN: : LM: 2LN 
And by changing the Places 


of the mean "Terms in the ' 
laſt Step 20 BM: LM: : BN: 2LN 


And by qua- ing each Term |21|BMq: LMq:: BNq : 4LNꝗ 
From whence by comparing 


the Antecedents and Conle- 
quents with the Antece- 
dents we have 32 BMq + LMq : BMq :: BNq 


But 


202 Of the Rainbow. Part 11,88! 
rizon, for then the Line Al is parallel to it; a] 
as the Sun riſes the Height of the Bow dim. 
niſhes, and with it the Portion that is viſible, Hi! 
it is 42 Degrees and two Minutes high; aft: i 
which the Bow appears no more, becauſe tha | * 
the Point I is above 42 Degrees below it. Ne 
The Phenomenon, we have been explaining Jy * 
conſtitutes what is called the primary or in 
rior Bew ; there is alſo another exterior to thi, a 
whoſe Colours are much more dilute and fain, b 


which t 
| But becauſe the Triangle BML 534-4 Y 8 

g is right angled at M 23 q4+LMqez=B = 
And for 2 like Reaſon 2 = 5 
| ' BNq + LNq is equal to I 
BLq, therefore 24 * 4LNq=zBLqH+ "9 : 
3 n = 
Therefore from the three laſt „ 
Steps 2 5 _ Pp BMq : : BLq+ 3 INE 4 

Nq 3 
{| But BLN being a right-angled = n 
1 Triangle | 26 | BNq=BLq—LNq Ne 
N Therefore from the two laſt R | | N 
1 Steps 27 | BLq: BMq :: BLq+; LVMH r 
6 Now becauſe BML is a right- BLq—LNq 5 
a angled Triangle 28 | BLq=BMq+LMq 7 
Therefore from the t wo laſt © © 

i Steps 29 | BLq : BMq : : BLq+ LIM 
[ And ſubſtracting the two firſt BMq+LMq—LNg of 
8 Terms, viz. BLq and BMq th 
| out of the two laſt Terms Au 
reſpectively, we have 30 BLꝗ: BMq :: 3 LNq : LM » Pc 
But by the firſt Step 3I[LM: LN: I: R ; be 
Therefore ſubſtituting Tand R St 
in the Room of LM and Br 

LN in the 3oth Step, we| | : 

have 32[BLq: BMgq :: 3 Rq: II- 


I 
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which for that Reaſon is called the ſecondary Bow. 
The Progreſs of the Rays of Light through the 
Drops of Water, in forming this, is as follows. 

Let A (Fg 5) repreſent the Eye of a 
Spectator, SB and SC two of the Sun's Rays 
entering the Drops, as expreſſed in the Figure, 

and after being twice reflected in each Drop, 
is. at D and D, let them paſs out, the one 
at E, the other at F, by which Means they will 
be ſeparated into their homogenous Colours, 
che Violet and moſt refrangible Light being 


X The Proportion therefore which the Sine of the Angle of In- 
= cidence bers co that of the Angle of Refr:-Qion, when Rays of 
any particular Colour paſs out of Air into Wnter, being known, 
che Proportion, which the Radius BL bears to BM, will be there- 
by determined; and therefore the Angle BLM, of which BM is 
the Sine, will alſo be known, and there'ore Iſo the Angle LBM, 
which is equa! to ABQ, the Degree of Obliquitv wherewith the 
; WW efficacious R enter the Drop. Bur the Line BM being known, 
Ny the Line BN may be allo had by the 17th Step, and therefore 
=_S alſo the Angle BLN of which it is the Sine, and therefore the 
Angle LBN too, or its Equal LEN; and therefore alſo the 
# Complement of this [aſt to two right ones, vis. KEB If now 
ve ſubſtract the Angle LBN out of LBM, we gain the Angle 
Neb EBK, and conſequently the third Angle in the Triangle EBK 
may be from hence known, viz. the Angle BKE. Now if we 
double this, we have the Angle AKI, which was the Angle 
& ſought. | | 
; fr a Computation be made a'ter- this Manner with the Ratios 
of 1-8 to 81, or (which is the ſame thing) that of 4 to 3, for 
the Red Rays, the Angle AKI (that is, the Angle GAI in Fig. 82) 
will be found 42 Degrees and 2 Minutes; and if we ule the Pro- 
In Wportion of 109 to 81, which is the Proportion of Refraction in the 
Liolet coloured Light, the Angle AKI (or HAI in Fig. 82) will 
be 40 Degrees 17 Minutes. And the Difference between theſe 


two Angles (that is, the Anyle GAH in Fig. 82) will be the 
Breadth of the Bow. | 


conveyed 


| 
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conveyed from the uppermoſt Drop to the EN 
at A in the Line EV; while the Red, and lea! 


the Line FR, and the intermediate Colom . 
from the intermediate Drops: So that ; 
this Bow the Colours will be in an inverem 
Order, with reſpe& to thoſe of the othe 
the Red being the innermoſt in this, wid 
was the outermoſt in that. The Colours in hh 
will be more dilute than in that, becauſe th. 
Rays in this ſuffer two Reflections, in that f 
one; and the Angles, which the incident Ru 
in this make with the emerging ones, are lag 
than the like Angles in the other, as ſhall þ 
determined in the next Note, viz. 5o Degrafpi 
57 Minutes for the Red, and 54 Degrees 7 WR. 
nutes for the Violet; this Bow therefore is n 
terior to, and encompaſſes the former. . 
As to the Means by which Rays of Lg 
become cacious in the Formation of this Boy, 
it is exhibited in Figure 86, where AB, C. 
repreſent two parallel Rays incident with {uc 
Obliquity upon the Drop, that they ſhall cr 
each other before they reach the other Sit 
which that it is poſſible appears from what wh 
faid, with regard to the Progreſs of the Rim 
through the Drop XY in Figure 83. Let tha 
then croſs in the Point E ſuch, that after ky 
flection at F and G they become para 
ſuppoſe in the Lines FH and GI, then f . 
the Nature of the Circle it is plain, that alia. 
\ Reflects 
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Reflection at H and I they will croſs again, 
FE uppoſe at K, and after Reffaction at V and W, 
ill become parallel as at firſt, And fuch of 
WE hcſc as alſo enter ſo very near one another, that 
Khir intermediate ones may ſuffer the like Re- 


Niactions and Reflections with themſelves, will 


De the effcatious ones, and exhibit the Idea of 
heir own Colour, at a conſiderable Diſtance 
rom the Drop. What the Obliquity is with 
which theſe muſt enter the Drops, and the 
Angle the emerging ones of each particular 
Colour will make with their incident ones, ſhall 
be determined in the Note below (6). 
* 


Now 


(b) The Progreſs of the efficacious Rays through the Drop BH 
WFig. 86) being as explained above, it is evident, becauſe the 
ngles of Incidence are every where equal to the Angles of Re- 
ection, that the Lines BG, GI and IW are all equal, and 
herefore the Arches BG, GI, and IW are fo too; and likewiſe, 
Phat the Lines DF, FH, and HV are equal, and therefore alſo 
The Arches DF, FH, and HV: It is alſo apparent, that the 
Arch FG is equal to HI, therefore FG is half the Difference bg. 
Wween the Arches FH and Gl, and conſequently it is half the 
Wifterence alſo between the Arches FD and B which are reſpec- 
Wively equal to thefe. Now, the whole Differance between theſe 
Arches is what remains when FG is taken from B D, therefore 
he Remainder when FG is taken from BD is double of FG, 
Feonſequently FG itfelf is but one third bart of BD; ſor, if when 
Pne Quantity is taken from another, the Remainder be double to 
he Quantity taken away, it is plain that other muſt contain the 
antity taken away three Times. 
No the Rays AB and CD being ſuppoſed infinitely near one 
nother, the curvilineal Spaces BE, nd FEG may be conſider'd 
e {imilzr Triangles, and therefore EG is equal to a third Part of 
B. conſequently N (the Point where the Perpendicular LN 
l upon BG) being the midcle Point of the Line BG, EN is 
aual to EG, and therefore alſo à third Part of FB. 
lk now as in the 84th Figure, the Triangles BTD and BXD be 
med, as alſo the Triangle NOP, NO will be a _— — 


f 
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Now if we imagine the Lines EA and pa 


(Fig. 85) to revolve about the Line AT which! I 
paſſes through the Eye of the Spectator and th: | 
Center of the Sun as before, and always t 
make the ſame Angles with it at A, they wil |” 
deſcribe the Surface of two Cones, in the larg: r 
of which will be ſituated the Drops that «x. Mm? 
hibit Violet, and in the leſſer thoſe which! 
exhibit Red. So that this Bow alſo, were 1 
to appear intire, would be a compleat Circl, 
m £ 
1 


BD, and NP a third Part of BX. Therefore reſuming the for 
mer Proceſs at the 11th Step, we may proceed as follows, | 


Viz. © 11 | BM : BN :; BT: BX 
By ©Conftru&ion 12 BT MR 
And by what was juſt obſerv'd' 13 | BX==3 NP 
Therefore from the thice laſt 

Steps 14 BM: BN: : MR: 3 NP 
But by the eighth Step 15 [I: R:: MR: NP 
There ſore from the laſt 16 [I: 3R :: MR: 3NP 
Conſequently from the 14th 

and 16th Steps 17 |[BM:BN::1:3R 
But by the firſt Step I8|[M:LN::I:R 


Therefore from the laſt 19 LM: 3zLN:: I: 3 R 
Therefore from the 17th and | 
19th 20 |[BM:BN::IM:3LN 
Or by changing the Places of | 
the mean Terms in the laſt 
Step 21 |BM:IM:: BN: 3IN 
And ſquaring the Terms | 22 | BMq: LMq; : BNq : 91% 
Therefore by comparing the | 
Antecedents and Conle- 
quentswith theAntecedents, 


PAY gg PH HD ene 


we have 23 | BMp + LMq : BNq : : N 
* | *| +9 LNq:BNq go 
But by the Figure 24 | BMq+LMq=z=BLq Ii 
And 25 BNq + 9 LNq = RAT 

i 8LNq 8 


Thera 
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and the ſeveral Cones, through whoſe Surfaces 
WT Therefore from the three laſt| 26 MAL :: BLq+8 LNꝗ 
by | : q 
nat by the Figure 27 | BNq=BLq—LNq © 
1 Therefore from the two laſt | 28 = 5 1 * : BLq + 8LNq 
LY q—LNq 
or WAS But by the Figure 29 BLq =BMq4+LMaq 
W Therefore from the two laſt | 3o|BLq : BMq : : Blq + 8 
A | LNq : BMq + LMq — 
1 LNq 
1 And ſubſtracting the two firſſ 
= Terms out of the two laſt 
. | Terms, we have 31]BLq: BM :: 8 LNq: LMꝗ 
i" 2 | LNq 
WS But by the firſt Step 32[LM:LN:I:R 
Therefore 331BLq : BMq : : 8Rꝗ: Iq —Rq 


0 
Now the Proportion of I to R being known, the Proportion 
© which the Radius BL bears to BM is had by the laſt Step. But 
to avoid the Confuſion which a Multiplicity of Lines may oc- 
caſion, let the 86th Figure be tran:ferred to the 87th with as 
EZ many Lines as ſhall be neceſſary, in which let AB be the in- 
= cident Ray, BG the refracted one as before. Then, becauſe the 
Proportion between BL and BM is known, the Angle LBM may be 
bad, which is equal to ABQ, the Meaſure of the Obliquity with 
which the efficacious Rays enter the Drop; and therefore 
alſo its Complement to two right ones SBL. And the Line 
& BM being known, the Line BN may be had, becau'e by the 
Firth Step BM is to BN as 1 to 3 R, and therefore alſo the Angle 
& 1.BN, or its Equal LGB, and confequen:ly BLG the remaining 
Angle of the Triangle BGL; but to this is equal the Angle 
LH or HLV, and if theſe three be added together, and 
their Sum taken from four right ones, it will give the remaining 
Angle about the Center, viz. VLB, which being halved, gives 
the Angle SLB; but the Method of determining the Angle SBL 
as ſhewn before, and therefore LSB the remaining Angle of the 
Triangle LBS, may be had, which Angle doubled gives the 
Angle VSB or its Equal ASV, which is the Angle ſoaght. 
la Computation be made after this M inner with the Ratio 
of 108 to 81 for the Red Rays, this Angle will be found to be 
$. 50 Degrees 57 Minutes; if with 109 to $1, for the Violet. it 
q+ RT i! be 54 Degrees 7 Minutes; and the Difference, wiz. 3 De- 
= grces 10 Minutes, will be the Breadth of the Box. 
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the Drops as they form the Colours of it p 
having one common xis Al with thoſe h 
whoſe Surfaces the Drops forming the CM 
lours of the other Bow were placed, this wi 
be exterior to, and concentric with it, a 
will therefore ſurround it, as obſerved above, 
As Rays of Light when they enter a Dry 
of Water never all paſs out, but as oft as the 
impinge upon the Surface are in Part refledeiſ 
and in Part tranſmitted, It is evident that fon! 
Rays wil. paſs out of each Drop after hai 
ſuſfered three R flections, ſome after four, & 


theſe allo will conſtitute Rainbows ; but be. 


cauſe the greateſt Part of the Rays will be lu : 
in ſuffering ſo many Reflections, that Rain 


which is made by three Reflections, is ſear 


ever ſeen, much leſs ſuch as are made by 


more, c. | 


It is evident, that ſince the Line Al, ua 
the common Axis of the Cones, on whoſe Sui 
faces the Colours of the Bow are formed, pals 
through the Eye of the Spectator, no two Pe- 
ſons can ſee the ſame Bow at the ſame Time 
or rather, that the Rainbows, ſeen by two Pa 
ſons at the ſame Time, are formed in diff 
rent Drops of. Rain and in different Parts «lM 


the Heaven. 


Accordingly, if a Perſon obſerves the Den 
25 it hangs upon the Graſs when the lM 


ſhines, he ſhall ſee the Colours of the Bu 
the Drops of Dew; but as he walks along 


the Colours ſhall remove from Drop to * i 
om. 


” 
+.3 
_ % 
ww 
Wow ny” 
% 


” 


e la 
nber 
ſcato 


de U 


„ 0:08 
e Sur 
paſſa 
o Pe- 
Time 
0 Per- 
| diffe- $* 
arts d 


e De; 
ge Su 
Bowl 
along i 
> Drop. 1 f 
Some I 


M 
* 


— 3 


4, + W 


_— 


Am. 
7 - re N 


- 4 — 
— 5 — wm 
x nd n — — — — 


14 


+? 


% — 


Pd 
- 
* 


R 


———4%:⁰¾ ]ZiI:! k 1 


„ „„ „ „ „ „„ “„%U%ö—i 


- 
-_ 
3 


* 


Picert. IV. Of the Rainbow. 209 


Sometimes the lower Part of the Bow ſhall 
appear upon the Ground, and the vpper 
Part of it not at all, and then, it looks like 
WW Rainbow lying along the Ground with the 
| f Extremities of its Legs turned upward into 
me Air: This is when the Sky is clear to- 
wards the Sun, but foggy on the oppoſite 
Ports, and only to a ſmall Height from the 
| | Ground. 

The Moon ſometimes occaſions the Ap- 
Wpearance of a Rainbow after the fame Man- 
; er that the Sun does, but the Colours are 
Emuch more faint and dilute. 

And laſtly, if Water be continually thrown 
up into the Air oppofite to the Sun, as from 
$a Fountain, and there breaks into ſmall Drops, 


the Appearance of the Rainbow will be ex- 
Ehibited in them. 


dee more on this Subject in Antonius de 
Dominis de Radiis Viſus & Lucis; and the 
authors referred to by Mr. Jehnſon, in his 


Pbihgſpb. Quæſſ. Chap. vzi. Q. 45 & 46. 


Of 
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Of the Obſcura Camera and \ th | | 
Magic Lanthorn. Ei 


HE Obſcura Camera is of two Sorts; Wl 

the one is no other than a convex L] 
fixed in a Hole in a Window-ſhutter, which AK 
Lens, when no other Light is permitted u 
enter the Room except what paſſes throug Wi 
it, will repreſent all the external. Objects tha a 
are viſible through that Hole upon a whit Wa * 
Paper held at the focal Diſtance of it, paintel i, 
in their proper Colours. To illuſtrate thi, n, 
let AB (Fig. 88) repreſent a Window-ſhut- p, 
ter, CD a convex Lens fixed in an Hole therein, = 
and let EF be an external Object; then will 
this Object emit Rays of Light of its ow... 
Colour from each Part, which paſſing through 
the Lens, as the Figure repreſents them, wil 
be collected into Points at GH, and being then 
received upon a white Paper or other Su- 
face, will repreſent the Object painted in 1 
proper Colours, which Colours will be te 
ſtrongeſt of all when the Sun ſhines upon 
that Side of the Object that is next the Ga 
But the Repreſentation will be inverted, be. 
cauſe the Pencils of Rays that flow from NL. 
Object croſs in the Middle of the Glaſs. Im 
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The other Sort of Obſeura Camera is that 
hich is called the Portable one, and is of 
ſe in drawing Pictures, taking Landſkips, &c. 


Wt is contrived after the following Manner, 
BEAIKB (Fig. 88) is a Box, in an Hole in whoſe 


ide the Lens CD is fixed (or rather at the 


xtremity of a ſhort Tube fixed in that Hole) 
od in the Situation LM is fixed a Piece of 


Looking-glaſs making an Angle with the Bot- 


cm of the Box of 45 Degrees; this, receiving 


he Rays in their Paſſage to GH, throws them 


"upwards, and cauſes the Repreſentation to be 


made in NO, which is there received upon 


the under Side of ſome thin Subſtance PQ, 
that is in a ſmall Degree tranſparent, (as thin 
Paper or Glaſs about half poliſhed) and ſo upon 
opening the Box appears ready to be drawn 
r copied out. But that the Colours may ap- 
ear firong, the Light, when the Box is open- 
ed, muſt be kept from falling upon the Paper 
r Glaſs, as much as may be. 


The Magic Lanthorn is an Inſtrument in- 
Pented by Krrcher, in order to repreſent 
Pbjects much larger and more luminous than 
hey are. It is no other than a dark Lant- 
born, in the Side of which there is fixed a 


ort Tube, and in the Tube two convex 


enſes, and between them a tranſparent painted 
mage of the Object we would repreſent. The 
4 baſſage of the Rays through the Lenſes and 


the 
2 
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the Image is thus. Let A (Fig. 89) rep 
fent a burning Lamp placed as in a co 
Lanthorn, and let CD, EF, be the two Ly; 
placed in the Tube abovementioned, and h 
Picture at GH. And let the Situation of thi 
Lens CD be ſuch, that the Light which fl; 
upon it from the Lamp may be all throw 
upon the Pictare & H, by which means it wil 
be ſtrongly illuminated, and being tranſ. 
rent, will throw out Rays in Plenty the ol 3 
Way: Which Rays, in paſſing through th 
other Lens EF, let us fuppoſe to be colled. 


ed into their reſpective Foc; on an oppolit 
Wall at IK, and to form an Image ther 
Which Image will be larger than the P.M 
ture in Proportion as the Diſtance IL is great 


than LH; becauſe the Angles ILK and GLH 
are equal; and the Room being dark even 
where elſe, it will appear very bright, if ti: 


Picture be ſtrongly illuminated by the Lam E 


And beſides the abovementioned Apparatu 
there is ſometimes a concave Reflecter placti 
within the Lanthorn behind the Lamp, as 4M 
MN, to give a ſtronger Illumination to tt: 
painted Image at GH. 


The End of Part III, 
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PART IV. 


ASTRONOMY. 


Te INTRODUCTION. 


y | \HE Science of Aftronomy may be di- 
Z ſtinguiſhed into three Parts; the firſt 
relating to the Motion of the Heavenly 
| Bodies, as they really are in themſelves; the 
ſecond relating to the Phenomena of Ap- 
Y pearances theſe Motions occaſion to a Spec- 
| F tator on the Surface of the Earth; and the 
third to the phyſical Cauſe of thoſe Motions. 
The two firſt of theſe, wiz. the real Mo- 
tions of the Heavenly Bodies, and the Manner 
WE they ſeem to us to move in, are frequently the 
q reverſe of each other; that Body to us ap- 
pearing to move Weſterly, which in reality at 
the ſame Time moves Eafterly ; and that ſeem- 
ing to tend towards the North, which is ſtand- 
| A ing 


T 


2 
E 


4 The INTRODUCTION 


ing ſtill, or haſtening towards the South; and 
the contrary. And becauſe the apparent Mo. 
tions of theſe Bodies depend upon their re 
ones, the Order I ſhall make uſe of, hl! 
be firſt to lay down their real Motions ; and 
then to ſhow how the apparent ones ariſe there. 

from: After which I ſhall proceed to conſider WE 
the phyſical Cauſe thereof. But fince the g. 
nerality of People are apt to form their Jude. WK 


ment by their Senſes only, and are loth © 
imagine Things different from what they -n 
pear to be, to prepare ſuch Readers for a mor t! 
eaſy Reception of what follows, it may not be t 
amiſs to premiſe the following Particulars hs 
way of Introduction to this Part. W 1. 
= 
I. Let us imagine only one great Body n v 


the Univerſe, placed in the midſt of infinit 
Space, like a Ball in the Air; and then en- 
quire whether of the two following Suppoli- 
tions has the greater Probability on its Side; 
vg. That this Body will continue in its Place; 
or that it will not. | 
In purſuance of this Inquiry, perhaps it may 
be argued thus: Whereas no Bodies, on which 
we can make trial, are obſerved to continue in 
their Places without a Support, neither vil 
this Body remain in the Place it is put, but 
will immediately deſcend, as it were, toward 
the lower Regions of Space. 
This Argument is founded upon the Obſe- 
| valid 
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| vaticn of Bodies falling to the Ground for 
want of Support, which is not a parallel Caſe, 


For to ſay the leaſt that may be, we cannot 
be fore but that the Earth itſelf may be the 
| WE Cauſe why Bodies deſcend towards it; as the 
Loadſtone is the Cauſe why Steel approaches 
it when placed within a certain Diſtance from 


it. And if ſo, then for any thing that ap- 
E pears from hence to the contrary, this Body, 


being the only one in the Univerſe, may re- 

main in its Place without a Support. In ſhort, 
the Argument 1s juſt as if one ſhould reaſon 
thus: It has never yet been obſerved, but that 


Steel when placed at a ſmall Diſtance below a 
Loadſtone will aſcend upwards ; therefore by 
@ Parity of Reaſon, if all the Bodies in the Uni- 
W verſe were transformed into a Maſs of Steel, 
and placed alone in the midſt of infinite Space, 
that Maſs would aſcend. The Fallacy of which 
& way of arguing is ſufficiently apparent. 
= There is a much greater Probability of Truth 
in the oppoſite Way, and it is more rational 
to argue thus: By all the Experiments and 
= Obſervations made upon Bodies, it does not 
appear, that any ever moves out of its Place, 
@ unleſs impelled by ſome other; or when it 
moves towards another, as in the Caſe of Bo- 
dies falling towards the Earth, or of Steel 
| tending towards the Loadſtone. Now the Load- 
ſtone is certainly ſome way or other the Cauſe 
hy the Steel tends towards it, and therefore 
| A 2 (by 
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(by Parity of Reaſon) in all Probability the 
Earth is ſome way or other the Cauſe why 
Bodies are diſpoſed to move towards it: An 
if ſo, then ſuppoſing all the Bodies. in the 
Univerſe to be collected into one, it would 
molt likely continue where it was put, with. 
out requiring any thing to ſupport it, as hav. 
ing nothing which might impel it any wav, ot 
towards which it might move. This, 1 ſoy 
being the moſt natural and eaſy Deduct 
we can make in this Caſe, ſeems to have the 
greater Probability on its Side. And farther, 

II. Since there are no Bodies, we can make 
Trial upon, but what are diſpoſed to move to- 
wards ſome other Body, as Bodies towards the 
Earth, or Steel toward the Loadſtone, it i; 
moſt probable that the ſeveral Bodies, where 
the Univerſe conliſts, would all move toward: 
one another, if not prevented. 

III. Let us ſuppoſe all the Bodies in the Uni 
verſe to be united in one, and that Body to 
be put into Motion, Now, whereas upon that 
Suppoſition there is nothing which may ſtop « 
deſtroy its Motion, it does not appear that | 
would ever ſtand ſtill, or loſe the leaſt Par 
of it. For, by alt the Experiments we Cl 
make upon the Bodies about us, there ar 
none which, when put into Motion, can be 
ſtopped without ſome Force applied to them 
for that Purpoſe. They will ſeem indeed 0 


ſtop of themſelves, which is always oWw1} 
0 
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to ſome Impediment. Accordingly it is found), 
that the leſs Reſiſtance or Rubs Bodies meet 
with in their Way, the longer they continue 
their Motion (a). Whence we may infer, that 
this Body, once put into Motion, would ever 
continue in that State (). 

IV. Let us now ſuppoſe that all the Bodies 
in the Univerſe are compriſed in two, the one 
of which let us imagine to be immenſel 
greater than the other, and placed at ſome 
3 Piſtance from it. Theſe Bodies, if not ob- 
J ſtructed, will (agreeably to the Concluſion made 
in Section II.) approach towards each other; 
but becauſe a little one requires proportionably 
leſs Force to put it in Motion than a larger 
one, the leſs will be the only one in which the 
Motion will be ſenſible, becauſe we have ſup- 
poſed the other to be immenſely greater, which 
will therefore be ſcarcely moved out of its 
Place by the leſs; juſt as it is with a Loadſtone 
and a Piece of Steel hung up by two Strings 
near one another; if the Steel be much leſs 
than the Loadſtone, it ſhall move almoſt all 
the Way towards the Loadſtone, while that 
ſhall ſcarce ſtir out of its Place; but if the 
Steel much exceeds the Loadſtone in Bulk and 
Weight, the Loadſtone ſhall then move to the 
Steel, and not the Steel to the Loadſtone, as 
in the other Caſe. This being granted, 


(4) See Part I. Chap. IV. 
% See more in Confirmation of this, Part L. Chap. IV. 


33 Let 
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Let us conceive the leſs Body, while it is x 
ſome Diſtance from the larger one, to have x 
ſwift Motion given it in a Direction parallel tg 
the Sufface of the larger Body. This Motion 
will in ſome Meaſure prevent the Body from 
approaching to that other; and the greater the 
Velocity is that is thus given to it, the longer 
will the Time of its Approach be protracted 
thereby, and the greater Space it will more 
over before it comes to the Body. The Velo- 
City therefore which is thus given to it, may 
be ſo adjuſted to the Degree of Tendency it 
has towards the other Body, that it ſhall move 
quite round it without ever touching it, re- 
turning to the ſame Place where it was when 
the Motion was at firſt given it. In this Caſe, 
if it meets with no Oppoſition, it will move 
round it in the ſame Path over and over again, 
not unlike to a Stone whirl'd round the Hand 
in a Sling (c). And as a ſmaller Body may 
continually move round a larger in this Man- 
ner, ſo may ſeveral leſs ones move round the 
ſame larger one at the ſame Time, provided 
the Diſtances of the leſs ones from each 
other be fo great, that their mutual Tenden- 


cies towards each other do not diſturb their 


Motions (d). ; 


(c) See this explained more at large, and illuſtrated, Part I. 
Chap. VIIE. 


(4) For the ſame Reaſon that the ſeveral ſmaller ones tend 
towards the larger, they will alſo tend one towards another, 
but with leſs Force in Proportion to their Smallneſs. ho 

This 
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This is the Caſe of the Planets and Comets 


W with reſpect to the Sun, which is a Body im- 
menſely greater than any of them, placed as 
it were in the midſt of an infinite Space, and 
round which they perform their reſpective Re- 


volutions at different Diſtances from it (e). 


As to what we call the Sey, in which 


the Heavenly Bodies ſeem as it were fixed, 
Nie is no real Subſtance, but mere empty Space. 


The Reaſon why it appears to be a Subſtance, 


is as follows, Was there no Atmoſphere ſur- 
wounding the Earth (Y, whoſe Particles might 


reflect other Rays of Light to our Eyes, than 


choſe which come directly from the Sun, all 
Parts of the Heavens, even in ſpite of Sun- 
chine, would be quite dark; and the Stars 


( This Doctrine being allowed, we may ſee the Poſſibility 
of the E-rth being habitable quite round: For, if Bodies are 


not diſpoſed to move ny otherwiſe than as they tend towards 


ſome other, there can be no more Dinger of our Antipodes fall- 
ing from the Earth, tnan there is of our riſing up into the Air. 
And 25 to their walking with their Heads downwards with re- 
ſpe& to us, th-re is neither Inconvenience, nor ſeeming Odd- 
neſs to them in that; for firit, their Feet are turned towards 
the Surface of the Earth on which they walk, as well as ours 
are; and ſecondly, ſince both the Heavens and the Earth, which 
are the only Things they can judge of their Situation from, 
have the ſame Poſition with reſpect to their Bodies, when they 
fand or walk, that they have to us in the like Caſe, their Poſi- 
tion cannot ſeem otherwiſe to them than ours does to us; for 
a Man cannot tell which way his Feet are turned, any other- 
wiſe than as his Judgment is directed by the Things about him; 
juſt as one cannot diſtinguiſh North from South in a ſtrange 
Place, without a Compaſs, or ſeeing either the Sun or Stars. 
See the Nature and Conſtitution of the Atmoſphere 
enplained, Part II. Chap. III. 
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would be viſible at Noon-day (g). But fine 
the Atmoſphere of the Earth abounds with Par. 
ticles capable of reflecting Light every way, 
ſome of it will fall upon our Eyes, to whatever 
Part of the Heavens they are directed. Thi 
Light, as all other, gives us the Idea of ſome 
Colour. Having an Impreſſion of Colour upon 
our Minds, our Imagination preſents us with a 


| Subſtance for it to inhere in: Juſt as, when a 


Man views an Object in a Glaſs, the Light re. 
gularly reflected gives him an Idea of the Co- 
lours of that Object duly ranged ; but it is his 


Tmagination that forms the Image he think: 


he ſees. 


Thus much by way of Introduction; which 
muſt not be underſtood as containing all the 
Reaſons for theſe Things; but only as tend- 
ing to ſhew the Poſſibility, and in ſome De- 
gree the Probability, of them, 

That which will be delivered afterward, 
when we treat of the Phyſical Cauſes of the 
Motions of the Heavenly Bodies, will ſet this 
Doctrine in a clearer Light, and abundantly 
evince the Reaſonableneſs of it. Proceed we 
in the mean time to confider the Order these 
Bodies move in, and their reſpective Diſtance: 
from the Sun, which makes the Subject of 
the firſt Chapter, 


g See Ch: p. XIII. 
CHAP. 
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f . 

„ e Heavenly Bodies, and their real 
8 Motions. | 

» CHAP. L 


HE Sun is a Body of prodigious Mag- 
A nitude, ſituated in the midſt of an un- 
| bounded Space, and the Fountain of Light 
and Heat to a certain Number of Planets and 
Comets, which continually move round it (a): 
All theſe, taken together, make up what is 
called the Solar Syſtem. 

The Planets are in Number ſixteen ; fix of 


ch which are called Primary ones; the other ten 
he are diſtinguiſhed by the Names of Secondary 
4. ones, Moons, or Satellites. | 

e The Primary Planets are Mercury, Venus, 


the Earth, Mars, Jupiter and Saturn. They 


ts revolve about the Sun at different Diſtances from 
he it, moving from Weſt to Eaft (6), in Orbits (c) 
11s 


{a) The Sun itſelf is not abſolutely at Reſt, but is ſubje& to 
a very ſmall Degree of Motion, which ſhall be conſider'd 
when we treat of the Phyſical Cauſes of the Motions of the 
Heavenly Bodies. 

% When any of the Heavenly Bodies are ſaid by Aſtrono- 
mica] Writers to move from Welt to Eaſt, or from Faſt to Weſt, 
It is always to be underſtood by way of the South. So that 
by the latter Expreſſion is meant the ſame Way that the Sun 
appears to move in its daily Courſe, by the former is intended 
the contrary, | 

(e By the Orbit of a Planet is meant the Way or Path it 
deſcribes in moving round the Sun. 


nearly 


f 
' 
f 
* 
6 
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nearly circular, having the Center of the Sun 
diret'y within each of them, and nearly in the 
Middle; and they are not coincident one with 
another, but everyone has about one Half a little 
above, and the other Half a little below each gf 
the reſt. Or, to expreſs it in the common Way, 
the Planes (d) of their Orbits paſs through the 
Center of the Sun, and are ſo ſituated, that 
they make but ſmall Angles with each other. 
Figure the firſt repreſents the Solar Syſtem, 
wherein the Point S is deſigned to denote the 
Center of the Sun; the Circle A B the Or. 
bit or Path, which the neareſt Planet Mcrcury 
deſcribes in moving round it ; CD, that in 
which Feuus moves; FG, the Orbit of the 
Earth; HK, that of Mars; LN, that of Ju. 
piter ; and OP, that of Saturn (e). Theſe Bo- 
dies, as they move round the Sun at very dif- 
ferent 


(4) The Plane of an Orbit is the Space included therein. 


Thus, if the Curve Line ADBE, in Fig. II. repreſents an 


Orbit, the Surface of the Paper within that Curve repreſents 
the Plane of that Orbit. Or, in other Words, the Plane of the 
Orbit of a Planet is a flat broad Space, out of which the Planet 
never ſtrays, | 

(e) Ihat the Sun is at Reſt, and that the Planets move round 
it as deſcribed above, is an Opinion received of old by Philo. 
aus, Ariſiarchu: of Sames, and the whole Sect of the Pytha- 
goreans, The Egyptians were early Obſervers of the Heavens, 
and from them probably this Notion was received in Greece ; tho' 
the Notion of the Earth ſtanding ſtill in the Center, and the whole 
Heavens revolving round it, was generally received and defended, 
till the Time in which Copernicus flouriſhed, viz. about the Year 
1500, who reſtored the ancient Aſtronomy, and ſhewed in 
ſo clezr a Manner how the Appearances of the Heavens * 
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rent Diſtances, the true Proportion of which 
is nearly repreſented in the Scheme, ſo they 


h perform their reſpective Periods in very dif- 
e erent Times; wiz. Mercury in about three 
onths; Venus in about ſeven and a Half; 
, the Earth in a Year; Mars in about two Vears; 
e WI 7upiter in twelve; and Saturn in not much 


Eic(s than thirty. And as they differ in their 
Periods, ſo they do ſurpriſingly in their Mag- 


be accounted for by it, that it became generally received, and 
from him was called the Copernican Syſtem. 
There are two other Hypotheſes of Note, wiz. the Ptolemaic 
and the Tychonic. The Ptolemaic is fo called from Ptolemeus, 
a Mathematician of Pellſium in Egybt, a great Defender of 
this Hypotheſis, He ſuppoſes the fixed Stars to be ſtuck in 
WF the Firmament as they appear to the Eve; the Earth in the 
Center, round which he {uppoles the Moon to revolve ; and 
at a greater Diſtance, Mercury; at a greater flill, Venus; at a 
greater than this, the Sun; at a ſtill greater, Mars; then Ju- 
piter; then Saturn; and beyond all, the Firmament with the 
fixed Stars; all in the ſame Time they appear to move round 
us. This Hypotheſis was excellently well adapted to amuſe the 
Vulgar, the Motions of the Sun and Planets being repreſented 
by it much after the ſame Manner as they appear to Senſe. 
hut ſince by the Help of Teleſcopes it has been diſcover'd, 
that Veris puts on different Phaſes, like the Moon, the Reaſon 
of which will be ſhewn in Chap VI. this Hypotheſis is entirely 
laid afide, as inconſiſtent therewith. 

The Tychonic Hypotheſis has its Name from Tycho Brabe, a 
Daniſh Nobleman. Tais Philoſopher ſuppoſes that the Earth 
ſands flill, and that as the Sun moves round the Earth, the 
Planets move round that, juſt as the Secondaries move round 
their Primaries in the Solar Syſtem laid down above. There 
1s another Hypotheſis called the Semitychonic, and differs from 
the former only in this; that whereas that makes the Earth 
ſtand ſtill, and the Sun with the Planets to move round it 
every Day ; this gives the Earth a diurnal Motion round its 
Axis, and only ſuppoſes the Sun, with the Planets revolving 
about it, to move round the Earth once a Year. 


4 nitudes. 


Inches in Diameter, the ſeveral Circles Q ), 
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nitudes For ſuppoſing the Circumference g 
the Sun to be repreſented by a Circle of ten 


/ 
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W, X, V, Z, would nearly expreſs thoſe of the 
Planets, Mercury, Venus, the Earth, Mar, 
Jupiter, and Saturn reſpectively (J). 
Theſe Planets have no Light of their own; 
for when viewed through a Teleſcope, the Sil 
only next the Sun is obſerved to be cnlightened, 
They are alſo of the Form of a Globe; fo 
one Edge of the ſhining Part ſometimes ap. 
pears hollow, tometimes ſtrait, and ſometime; 
canvex, according as the Planet is ſituated with 
regard to the Spectator and the Sun; which i 
could not do, unleſs they were of that Form (z) 
Farther, the Planets do not only move about 
the Sun, as we have obſerved, but turn all 
about their own Axes (5) at the fame Time, 
and 

{f) Their ee Diſtances, Times of Revolution, wit 


their Rotation about their Axes, are more accurately expreſſed 
in the following Table. 


OY 


3 * 
* 9 


i 


j D'ameters | Diſt, from the | Periodical Times. Rotation about 

in Engliſh | Sun in Engliſh their Are, 

Wiles Miles. Days IH. . _ pn ge. 

The Sun [| 763,460 

Mercury 4, 40 22,000,000 87 2315163 2 diſcovered 
Venus 7.906 <©9.000,000 2241604924 00[23 16] 0 
The Farth| 7 970 $1,000,000 365 | 6] 91400230564 
Mars 4,4 4 J 123, oo, oo 686 [232720000 24110] 0 
Jup ter $1,155 | 424.000,000 | 4,3321220 5 ͤ% gl 55154 
Saturn | 67,870 eee 10, 591 6 36 260 not known, 


( See the Reaſon why one Edge of the ſhining Part of! 
ound Boly rppers ometi nes ſtrait, ſometimes hollow, {ome- 
bees convex, largely e plained Chap. VI. 
( B. the tur eng of a Planet about its Axis is meant, its tum. 
ing about u two Points in its Surface, that are oppoſite to ohe 
another: 
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nad the fame Way they do about the Sun, 
bis. from Weſt to Eaſt. As the former of 
W theſe Motions is generally compared to the re- 
W volving of a Stone in a Sling about the Hand, 
mis latter may be compared to the ſpinning of 
a Top, or the turning of a Wheel upon its 
W Axlc-tree. The Sun itſelf is not exempt from 
& . Motion of this latter Kind. 

= This Motion of the Sun and ſome of the 
Planets about their Axes 1s diſcoverable by cer- 
tain Spots, Or diſtinguiſhable Parts on their Sur- 
faces; which appearing firſt on one Extremity 
of their Diſks (i), do by Degrees come forwards 
towards the Middle, and fo paſs on till they 
reach the oppoſite Edge thereof, where they dif- 
appear; and after they have lain hid about 
the ſame Space of Time that they continued 
viſible, they appear again as at firſt. By the 
Motion of theſe Spots paſling in a right Line 
over the Diſk of a Planet, or riſing upwards 
one Half of the Way, and deſcending the 


another; and an imaginary Line, ſuppoſed to be drawn through 
the Planet from one of thoſe Points to the other, is, while tue 
Planet moves about thoſe two Points, called its Axis. Thus if 
the Reader holds a Ball between his Finger and Thumb, and 
terns it round, a Line ſuppoſed to paſs through it from F.nger 
to Thumb, will in Aſtronomical Language be the Axis of tha 
Ball. And if he takes it up by two other Points, and turns it, then 
will a Line paſſing through thoſe other Points become its Axis. 
% This is a Term uſed by Aſtronomers for the Face of the 
Sun, Moon, or other Heavenly Body, when it is confi.lered 
as a flat round Surface, as it appears to be: And the Breadth 


of it is conceived to be divided into twelve equal Parts, which 
tl ey call Digits. 


* other 


— — 


—— 
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other Half, the Situation of the Planet's 4x; 
about which it turns with reſpect to us, is eu. 
dently diſcovered. Theſe Spots are very vifih| 
on the Surface of the Sun, Venus, Mars, and 
Jupiter; but by reaſon of the Nearneſs of Mer. 
cury to the Sun, and the great Diſtance 9 
Saturn from us, no Obſervations have been 
made that could diſcover any Spots in them, 
ſo that it is uncertain whether theſe Bodies 
revolve about their Axes or not. As to the 
reſt, the Times in which they thus revolve ar 
expreſſed above in Note (f) in page 14. and 
the Inclination of their Axes in the Note 
below (&). 

In Jupiter, beſides his Spots, there are ſe. 
veral broad Spaces running paralle] to each 
other, called his Belts. Theſe, as alſo his 
Spots, are obſerved to undergo ſeveral Changes, 
neither keeping the ſame Magnitude nor Di- 
ſtance from one another. And ſome of his 
Spots have appeared only for a Time. 

As to the Spots of the Sun, they are ſub- 
ject to much greater Variety of Changes. New 
ones appear, and old ones vaniſh, others ſuc- 
ceeding in their Room; ſeveral ſmaller ones 
run together, and form one larger ; and larger 


% The Inclination of the Axis of the Sun to the Plane in 
which the Earth move, is feven Degrees, and a Half; that 
of Venus to the ſame Pl-ne fifreen Legrees, according to an 
Obſervation of Signior B/anchini's at Rome in the Year 1726; 
the Earth's 23 Degrec ana 29 Minutes; and Mars and Ji 
kiter's are nearly at right Angles with their on Orbits. 

Ones 
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ones are ſometimes divided into ſmaller (J). 
However, ſeveral have remained on the ſame 
W Part of its Body long enough to determine the 
Time of its Motion about its Axis. See 


Note (J) in page 14. 


la the Beginning of this Chapter it was 
oblerved, that the Planets move round the 
sun in Orbits nearly circular, and in Planes 
croſſing each other in ſuch Manner, as to make 
very ſmall Angles with each other. As to 
the Form of their Orbits, they are Eilipſes (m), 
baving one of their Focz () in the Center of 
che Sun. They differ very little from Circles, 
or, to ſpeak properly, their Excentricities (o) bear 


%) We learn from Hiſtory, that the Sun has wanted its 
& nſual Brightneſs, ſhining with a dim and obſcure Light for a 
W Year together. This was probably owing to its being in a 
= great Meaſure covered with Spots; for now there are ſome-. 
W times Spots ſeen upon it, that are larger than the Surface of 
che whole Earth, | 

n An Fllig/e is a Figure like an Oval; but ſtrictly ſpeak- 
E ing, a Geometrical Curve, made by the tranverſe Section of a 
Cone or a Cylinder. But the Nature of it may be under- 
& flood! from the following Deſcription. Stick up two Pins at F 
and S (Fig 2) over which put a Thread, both Ends being 
tied together; then with a third Pin at P, within the Thread, 
keeping it upon the Stretch, deſcribe the Curve ADBE, which 
is an Ellipſe. And if we make Uſe of the ſame Thread, 
| but increaſe or diminiſh the Diſtance between the Pins, the 

Figure deſcribed will till be an Ellipſe, though of a different 
Kind, And when the Pins are brought cloſe together, the 
Figure deſcribed degenerates into a Circle. 

The Points Fand G, where the Pins were fixed, are called 
ra "8 of the Ellipſe, and the middle Point between them 
the Center, 


(% The Diſtance between the Center and either of the Foa 
is the Excentricity, 


a very 
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into two Kinds, viz. Inferior and Superior; 


are as follow : Suppoſing the Diſtance of the Earth from tiz 
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a very ſmall Proportion to their longer Axes (jj 
And as to the Situation in which their Plane 
lie, it is in all nearly the ſame with thx 
of the Earth's Orbit. See the Excentricities g 
their Orbits, and their Inclinations to that d 
the Earth's, in the Notes (q) and (7). 

The Primary Planets are again diſtinguiſhed 


thoſe which are nearer the Sun than the Earth 
is, as Mercury and Venus, are called the Inf. 
rior Planets ; the others the Superior ones. 


The Secondaries are conſtant Attendants 0 
the reſpective Primary ones to which they be- 
long, revolving round them, while they them- 
ſelves move round the Sun. Of the Primar 
Planets there are only the three largeſt, as fir 
as the Obſervations of Aſtronomers have been 
able to diſcover, that have their Secondaricz, 
vg. the Earth, Jupiter, and Saturn. 


(p) The Line AB, which paſſes through the Foci, and is ter 
minated at each End in the Ellipſe, is called the anger Ari. 
The Line DE, which paſſcs throvgh the Center of the Ellie. 
in a Direction perpendicular ro the former, and is terminate: 
by the Sides of the Ellipſe, is the orte, Axis. 

(4) The Excentricities of the ſeveral! Orbits of the Planet 


Sun 1000 equal Parts, the Excentricity of Mercury's Orbit | 
about 80 ſuch ; of that of Ycxus 5 ; of that of the Earth 173 
of Mars 141 ; of Fupiter's 250; and the Excentricity of &. 
turn's Orbit 247. 

(r) Their Inclinations are as follows: wiz. The Orbit of the 
Planet Mercury is inclined to that of the Earth 6 Degree, 
54 Minutes; that of Venus is inclined to it 3 Degrees, 24 Mr 
nutes ; that of Mars, 1 Degree, 51 Minutes; that of Fupits 
but 1 Degree, 19 Minutes; and that of Saturn, 2 Degret 
and 33 Minutes. 

The 
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The Eartb is attended but by one, which 
is the Moon. This Secondary revolves round 
the Earth from Weſt to Eaſt in 27 Days, 
Hours, and 43 Minutes, at the Diſtance of 
about 60 Semidiameters and an half of the 
Parth from its Center (s); and performs its 
Rotation about its Axis, which is nearly per- 
pendicular to the Plane of the Earth's Mo- 
tion, in the ſame Time and the ſame Way 
that it revolves about the Earth. 
The Planet Jupiter has four Moons, which 
Wrevolve about it at different Diſtances and 
Win different Times. The innermoſt pertorms 
Wit: Revolution in about one Day and eighteen 
Hours, nearly at the Diſtance of ſix Scmidia- 
eters of Jupiter from its Center; the ſe- 
Wcond revolves about it in about three Days and 
In half, at the Diſtance of about nine ſuch 
EScmidiameters ; the third in about ſeven Days, 
Wt the Diſtance of 14 Semidiameters; the 
Wourth and outermoſt Satellite requires almoſt 
817 Days to perform its Courſe in, and is diſtant 
From its Center 25 Semidiameters nearly (r). 
B Saturn 


The Excentricity of the Moon's Orbit is about 3, 3 of the 
Pemidiameter of the Earth; and its Inclination to that of the 
Er is 5 Degrees and 18 Minutes, The Reaſon that the 
Moon appears ſo large, and to outſhine all the other Planets, 
doth Primary and Secondary, 1s becauſe of the Smallneſs of its 
Diſtance from us in reſpect of theirs; for had it been as far 
ome from us as ſome of them, it had never been ſeen at 
y us, 
More accurately as in the following Table. 
Satell, 
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Saturn has no leſs than five Satellites: The 
firſt and innermoſt revolves about it in one 
Day and 21 Hours, at the Diſtance of about 
5 Semidiameters and an half of Saturn fron 
its Center ; the ſecond performs its Courſe in 
two Days and 17 Hours, at the Diſtance « 
6 Semidiameters and a Quarter ; the third in 
about 4 Days and an half, and is diſtant from 
it about 8 Semidiameters and 3 Quarters; 
the fourth compleats its Period in about 16 
Days, at the Diſtance of 20 Semidiameter;; 
the fifth and outermoſt requires about 79 Day 
to perform a Revolution in, and is 59 Semid. 
ameters of Saturn diſtant from its Center (u). 

Theſe Satellites, as alſo thoſe of Jupiter, 
perform their Revolutions about their Prim: 
ries from Weſt to Eaſt, as their Primaries do 
about the Sun, 

The Orbits of the Secondary Planets are 
expreſſed in Fig. 1. by the pricked Circles; 


Satell. Periodical Times, Diſt. in Semid, 
D.|H.|M.| S. | of Jupiter. 
1118127 | 34 5,067 
3]13]13] 42 | 9,017 
71 3042430 | 14,384 
16116132] 9 | 25,299 


{u) More accurately as in the following Table. 


n 


Satell.] Periodical Times. | Diſt. in Sem. of 
5. H. M. IS. | Saturn's Ring. 
I 1121] 18] 27 2,10 
2 | 2117] 41 [22 } 2,69 
3 4172125 [12 3,75 
4 1512204114 8,70 
5 179% s 23.35 
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; iz, that of the Moon at E, thoſe of the Sa- 
Wcllites of Jupiter at I, and thoſe of Saturn 
Net T; the Centers of the Earth, Jupiter and 
aturn —_ ſuppoſed to be in the Points E, 
II, and T reſpectively. | 
= As to the Orbits of the Satellites of hi- 
ter and Saturn, Aſtronomers have not obſerved 
chat they differ from Circles; and whether 
theſe Secondaries revolve round tlieir Axes or 
not, has alſo not been diſcovered (x). 
= The Secondaries are alſo Bodies having no 
WLight of their own, being obſerved to be 
Seclipſed as oft as they enter the Shadows of 
their Primaries. 
HhBeſides its Satellites, Saturn is alſo encom- 
paſſed with a flat broad Ring, not unlike the 
© Verge of an Hat, but it no where touches the 
Body of Saturn, the Space between it and 
Saturn being equal to the Breadth of the Rim. 
The Diameter of the Ring, meaſuring acroſs 
from one Outſide to the other, is to the Dia- 
meter of Saturn's Body as 7 to 3 (y). 
| The Form of the Ring encompaſſing the 
Body of Saturn, is expreſſed in Fig. 1. at RR. 
(x ) The Orbits of Fupiter's Satellites lie almoſt in the ſame 
ane in which Jupiter him/elf moves round the Sun; but 
| thoſe of Saturn deſcribe their Orbits nearly in the Plane of the 


Ring yroduced, except the fifth, the Situation of whoſe Orbit 

deviates a little therefrom. See the Inclination of the Ring in 

the next Note. 

| (3) The Ring, according to Meſſrs. Remer, Picard, and 
«gens, is inclined to the Orbit of the Earth 31 Degrees: But 


Dr, Halley affirms it to be nearly parallel to the Plane of the 
Earth's Equator, 
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Lengths vaſtly exceed their Breadths; and the 
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The Comets revolve alſo round the Sun in 
Orbits, whoſe Planes paſs through its Center, 
but they are not confined to any particulat Dj. 
rection, as the Planets are, ſome moving on: 
Way, and ſome another: Their Orbits are d 
a very elliptical or oval Form, ſo that their 


lie not nearly in the ſame Plane, like thoſe d 
the Planets, but admit of any Inclination t 
one another. But more of theſe in another 
Place (2). A Portion of the Orbit of a Come 
is expreſſed in Fig. 1. at abcd (a). 
| Thok 


(z) Chap. XI. 

(2) The Claim which the Syſtem here laid down has to 1 
Preference to all others, will appear from the following Contr 
derations. 

I. The Planet Venus moves round the Sun, and not round 
the Earth. For through a Teleſcope it ſometimes appears with 
a bright and round Face like the full Moon, and ſometimes 
horned like the new Moon ; (ſee Chap. VI.) and when it ap 
pears full, it is ſeen near the Body of the Sun, as well as whe 
it appears horned : Which things could not be, did it mot 
either round the Earth alone, or round both the Sun and the 
Earth, or round neither of them. For did jt move round the 
Earth alone, or round both the Sun and the Earth, it mult be 
ſeen ſometimes in that Part of the Heavens which is oppoſite i 
the Sun. Did it move round neither the Sun nor the Earth, i 
could not appear both.horned and full when it is ſeen near tit 
Body of the Sun: It remains therefore, that it revolves 2ound 
the Sun, and not round the Earth. Its Orbit therefore, age 
ably to the abovementioned Syſtem, includes the Sun, and 
within the Orbit of the Earth. 

II. In like Manner we are aſſured, that Mercury turns round 
the Sun in a lefler Orbit than that of Venus, becauſe it pus 
on the ſame Phaſes with Venus, and is never ſeen ſo far fon 
the Sun as that Planet is. 1 
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# Thoſe bright and ſhining Bodies, which be- 
des the Planets and Comets are diſperſed 
| every 


III. The Orbit of Mars includes both the Earth and the 
San; and the Earth is not in the Center thereof. For this 
Planet is capable of appearing oppoſite to, or in any other 
Situation in reſpe&t of the Sun; which it could not be, unleſs 
it moved round the Earth : And it always appears full, or near- 
ly ſo ; which it could not do, if it ever came between the 
Gun and the Earth : It moves therefore alſo round the Sun. 
And farther, when Mars is in the oppoſite Part of the Hea- 
vens to the Sun, it appears about five times larger than when 
it is near the Sun; which ſhews that it is ſo many times nearer 
Ez the Earth in one Situation than in the other: The Earth there- 
© fore is not in the Center of its Motion. All which is agree- 
able to the Syſtem above laid down. | 
= IV. Since the like is obſervable both of Jupiter and Saturn, 
W (though, by Reaſon of their greater Diſtance from the Sun and 
us, the Diverſity in their apparent Magnitudes in different Parts 


W of their Orbits is not ſo great as in Mars) it is reaſonable 


Y to conclude, that theſe Planets alſo have both the Earth and 


the Sun within their Orbits, and that rather the Sun than the 


Earth is in the Center of the ſame. 

V. Since then the Earth is placed within the Orbits of the 
Planets Mars, Jupiter, and Saturn, theſe Planets cannot ap- 
pear to us to ſtand ſtill or to go backward, as Obſervation ſhews 


they ſometimes do appear, unleſs the Earth moves: And ſince, 


as we have ſhewn, the Planets Venus and Mercury revolve about 
the Sun, and not about the Earth; ſince likewiſe the Earth 
is placed between the Orbits of Mars and Ferus, and the pe- 
riodical Time of the Earth, if it does move, is, in point of 
Duration, between the Periodical Times of thoſe two; it 
has been thought reaſonable to ſuppoſe that the Earth revolves 
in like Manner about the Sun, as the Planets do, and is there- 
| fore reckoned in the Number of them. 


VI. But what wonderfully confirms this Concluſion, is, that 


Harmony which upon this Suppoſition runs through the whole 
Solar Syſtem 3 wiz. that the Motions of all the Planets, both 
Primary and Secondary, are governed and regulated by one 
and the fame Law; which is, that the Squares of the Periodical 
Times of the Primary Planets are to each other, as the Cubes 
of their Diſtances from the Sun ; and likewiſe 2he Squares of 
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every where throughout the Heavens, are the 

| fixed Stars, They are termed fixed, becauſt 
they are obſerved to keep the ſame Diſtance 
from each other in all Ages, having no Mo, 
tion like that of the Planets or Comets. They 
are far removed out of the Solar Syſtem, and 
ſhall therefore be conſidered in a Chapter by 
themſelves. 


the periodical Times of the Stcondaries of any Primary ar: t 
each other, as the Cubes of their Diſtances from that Primay, 
Now the Moon, which in the Syilem above laid down is a &. 
condary of the Earth, in the other Hypotheſes is a Primary 
one; and ſo the Rule cannot take Place; becauſe her Perio. 
dical Time, confidered as that of a Primary one, does not agree 
therewith, Whereas, acco:ding to the other Suppoſition, the 
Motions of the Heavenly Bodies, as we ſhall ſee in its prope: 
Place, are to be accounted for with the greateſt Simplicity; 
and a regular and beautiful Fabrick is thereby exhibited, wor- 
thy its divine Architect. 

By the Square of the periodical Time of a Planet is meant 
the Time it takes up in revolving about the Sun, or about its 
Primary, multiplied by itſelf Once ; and by the Cube of its Dif 
tance is meant its Diſtance multiplied by itſelf Twice. Thu 
if the Time a Planet moves once round its Orbit in, be 40 
Years, then 30 Times zo is the Square of its periodical Time: 
and if the Diftance of a Primary Planet from the Sun, or of : 
Secondary from its Primary, be 81 Millions of Miles, then { 
81 Million multiplied by 81 Million, and that again by 81 
Million, will expreſs the Cube of the Diſtance of that Planet, P 


. tl 


CHAP. | n 


32 


1 Fa + 


28 


Þ Chap. II. Of the fixed Stars. 25 


A. I. 
Of the fixed Stars. 


HE fixed Stars are thoſe bright ſhining 
Bodies, which, beſides the Planets and 


; Comets, are diſperſed throughout the Heavens : 
They are termed fixed, as appearing always at 
the ſame Diſtance from each other. | 


It is obſervable of the fixed Stars, that, when 


viewed through a Teleſcope, they appear only 


as mere Points deſtitute of all ſenſible Mag- 


| nitude, This is ſuppoſed to be owing to their 
very great Diſtance from us. That they ap- 
pear larger to the naked Eye than with a 


Teleſcope, is aſcribed to that Irradiation or 


| Brightneſs which is obſerved to ſurround ſhin- 
ing Bodies when ſeen in the Dark, and which 
the Teleſcope takes off (a). 


From their ſhining with fo ſtrong and ſpark- 


ling a Light, when at the ſame Time they are 
ſo far off that through a Teleſcope they ap- 
pear as mere Points, is inferr'd, that they ſhine 


(2) That the Stars would appear of no ſenſible Magnitude to . 


the naked Eye, were it not for that Irradiation or Brightneſs 
mentioned above, is confirmed from their being obſerved to 
| twinkle ; which the Planets and other Bodies of ſenſible Mag- 
| nitude do not, The Reaſon of their #avinkling is, that the leaſt 


Particle of Duſt or Vapour paſſing between the Eye and them 
is Capable of intercepting their Appearance for a Time, which 


in larger Bodies it is not. 
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with their own proper and unborrowed Light, 
For if they borrowed their Light, they would 
be inviſible to the naked Eye, ſince the Satel. 
lites of Jupiter and Saturn, which appear d 
very diſtinguiſhable Magnitudes through a Te. | 
leſcope, are ſo. 3 

There is another remarkable Circumſtance 
relating to the ſtarry Heavens; that the bettet 
Teleſcopes we make uſe of, the more Stan 
appear: From whence it is thought, that al 
the fixed Stars are not placed at equal Dil. 
tances from us, but that they are every when 
interſperſed at great Diſtances beyond one an- 
other throughout the Univerſe ; and that pto- 
bably the different Appearances which the 
make in point of Splendor and Magnitude 
may be rather owing to their various Diſtances 
from us, than to any Difference in their Mag- 
nitudes. 

The Diſtance of the neareſt fixed Star i 
computed to be at leaſt 500 thopſand Mil 
lions of Miles from us; and their Magnitude 
z; judzed to be ſuch, that if they were as nexr 
us as the Sun is, they would not appear un. 
like it (6). 

Their appearing under various Magnitude 
has given Occaſion to a Diſtribution of them 
into ſeveral Orders or Claſſes : Thoſe which 
appear largeſt, are called Stars of the fi} 


() The Method of computing the Diſtance of the fei Star 
is ſhewn in Chap. V. s 
Magnitude ; 
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WE Magnitude ; thoſe which are neareſt to them 


in Luſtre are reckoned of the ſecond Magn- 
ide; and ſo on, till we come to the leaſt Stars 
chat are viſible to the naked Eye, which con- 
ſtitute the laſt Claſs, and are ſaid to be of 


= the /ixth Magnitude. For ſuch as are to be ſeen 


W only by the help of a Teleſcope, are not in- 
W cluded in thoſe fix Claſſes, but are diſtin- 
© cuithed by the Name of Teleſcopic Stars; 
the Diſtribution of the Stars into Claſſes being 
made long before the Teleſcopic ones were 
W diſcovered. But we are not to underſtand 
from hence, that all the Stars which are viſi- 
ble to the naked Eye, are reducible to ſome 
| one of theſe Claſſes preciſely; for there are 
ſcaccely two Stars to be found exactly of the 
ſame Size: They are only to be ranked in that 
Claſs, to which their Magnitude and Luſtre 
gives them the juſteſt Claim. 
There is alſo another Diſtribution of the 
Stars into Conſtellations, The Ancients, that 
they might the better diſtinguiſh the Stars with 
regard to their Situation in the Heavens, divided 
them into ſeveral Afteriſms or Conſtellations, 
that is, Syſtems of Stars, each Syſtem con- 
fiſting of ſuch as are near each other. And to 
diſtinguiſh theſe Syſtems from one another, 
they gave them the Names of ſuch Men or 
Things as they fancied the Space they took 
up in the Heavens repreſented, or of thoſe 
whoſe Memories, in Conſideration of ſome no- 


table 
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table Exploit, they had a Mind to tranſmit 9 
future Ages. | 

Befides the Stars contained within the 
Conſtellations, there are ſome others, which if 
for that Reaſon are called Informes. Of the 
the later Aſtronomers have made ſome ney 
Conſtellations. 

There is alſo a Diviſion of the Heavens in. 
to three Parts; vis. 1. The Zodiac, or thi ME 
Portion of the Heavens in which the Planes 
would appear to move to an Eye placed in 
the Sun, The Breadth of this Space depends 
on the Inclination of the Orbits in which the 
Planets move to one another, and include 
twelve Conſtellations, commonly called the 
Signs of the Zodiac; vis. Aries, Taurus, G. 


mini, Cancer, Leo, Virgo, Libra, Scorpio, &. Bu 
gittarius, Capricornus, Aquarius, and Piſces: Wi": 
And becauſe moſt of theſe are Animals, tha I 
Space is called the Zodiac. 2. All that Re- Wo 
gion of the Heavens which lies on the North Bill | 
Side the Zodiac, which contains twenty-one BW the 
Conſtellations : And 3. That on the Southen ne 
Side, which contains fifteen. bry 

There is a remarkable Tra& that goes quite JM for: 
round the Heavens, called the Milky Wo. MW. 
This Space has a peculiar Whiteneſs, occaſion d the! 
by an infinite Number of ſmall Stars therein, E. 
none of which are to be ſeen diſtind) Wie, 
without a Teleſcope, yet conſpire to rendet lap 


that Part of the Heavens, where they are, much 
more 
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| 
tz 9 
more luminous than the reſt | 
* ag” 4 ure ſingle, in others * * ”_ 
aof 3 that ſeeming Im offibili 
one to a * the Stars, their relative . 1 
er have been ſo carefully obſerved 


by Aſtronomers, that th 

Fable to : ey have not on 

W the 8 * but even to a — 

JVich greater — in the Heavens, * 

r than any Geograph 
point out the Situations of he ſem 


: : veral Cities or Town 
he Earth. And not ly thi Phase Surface of the 
F e Flace 
dez if J may call them fo, whi s of thoſe few, 
, Which are to be 
. 3 vgenius, in the V 
„a large Teſeſ ear 1656, Iooki 
„ ee hg uo ders 
r ut three li ion's Sword, 1: | ano- 
12 larger 2 very near one 3 more as uſual: 
hat brighter than the pee pie it were through r _ four 
1 # ſerene, Cauſed that luci —_ Sky ; which being ve oud much 
de. ge a Proſpect int 8 Part to appear like a * black and 
W ns 2nd found =o HO OE i dis 
| in : it 
ns the ſame Shape. But in he Þ in the very ſame Place many 
| there is an Accou biloſophical 7. ranſc Ai and of 
ern 1 1 of a later Diſcovery 8 No 347, 
the Middle 5 which leſs conſiderable than * more ſuch 
a nineteen Degre . there told, i is of Hugens ; 
lite TE forts-five _— with South Latitude dot at preſent in II. 
G! the South-E, 1 and that it ſends forth a . e 
„Mo do into the N s another in the Girdl radiant Beam into 
nd theſe Spots 2 orth-Eaſt It is alſo there of Andromeda ſeems 
ein, bet a fe dre in Appearance but ff remarked, that tho” 
w Minutes in Di mall, and moſt of 
Aly fixed Stars, as it a ameter, yet fince they a of them 
they cannot fail ppears the; are by their havi re among the 
der hapz i! to OCCUPY SPACES 1 aving no Parallax 
ps not leſs tha paces immenſel , 
n our whole Solar Syſtem ; & and per- 
y/tem ; in all which Places, 


it ſhould i 
Id ſeem, there is a perpetual uninterrupted Day 


with 
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with the naked Eye have been pointed oy 
and regiſtered by them, but even of ſuch x 
are diſcoverable only by the Teleſcope. The 
firſt among the Greeks, who numbered thoſe 
which are viſible to the naked Eye, and re. 
giſter'd their Places in a Catalogue, was Hy. 
parchus, He flouriſh'd about 120 Years before 
Chriſt, and number'd 1022 Stars. To thi 
Catalogue the Places of ſeveral more have been 
added by ſucceeding Aſtronomers, as Ftoleny, 
Copernicus, Tycho Brahe, Riccialus, and D,. 
Helley ; which laſt went to the Ifland of 8. 
Helena, where he reckoned up and ſet down 
the Places of ſuch Stars in the Southern He. 
miſphere as are not viſible to us in this. 

The laſt Catalogue is that of Flamfiead, 
who reckons 3000, of which a great Part are 
Teleſcopical, The Number of Stars which 


may be ſeen at one Time with the naked 


Eye in one Hemiſphere ſeldom exceed a Thou- 
ſand; which perhaps may appear ſtrange, fince 
at firſt Sight they ſeem to be innumerable 
But this Appearance is only a Deception o 
Sight, ariſing from a confuſed and tranſient 
View. Let a Perſon ſingle out a ſmall Por- 
tion of the Heavens, and after ſome Attention 
to the Situation of the more remarkable Stars 
therein, begin to count, and he will ſoon be 


ſurpriſed to find how few there are therein. 


Yet nevertheleſs, if we conſider the Tele- 


ſcopic Stars along with thoſe which are viſible 
{0 
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to the naked Eye, we may venture to pro— 
W ounce them infinite; ſo prodigious are the 
Numbers that may be (een in a good Teleſcope. 

Thoſe in Mr. Flamſtead's Catalogue nien- 
W +ion'd above, that are Teleſcopical, are only 
che more remarkable ones, ſuch whoſe Longi- 
W tudes and Latitudes (that is, their true Situa- 
tion in the Heavens) it was thought worth 
while to regiſter and put down. Dr. Hook, 
W with a Teleſcope of 12 Feet, ſaw 78 Stars 
among the Pleiades, that is, thoſe which are 
commonly called the ſeven Stars; and with a 
longer Teleſcope ſaw more (5). And in the 
ſingle Conſtellation of Orion, which in Flam- 
flead's Catalogue has but 80 Stars, there have 
been ſeen 2000 (ch. 
There is one Thing more which is very re- 
| markable in the fixed Stars, viz. that ſome 
of thoſe which were taken Notice of, and 
had their Places regiſter'd, have ſince diſap- 
peared. Some have diſappeared for a Time: 
| Some new ones have appeared, and afterwards 
diſappeared ; particularly a remarkable one in 
the Conſtellation Caſſiapeia, in the Year 1 572, 
| which ſome time atter its firſt Appearance out- 
ſhone the biggeſt of the fixed Stars, and in 
ſixteen Months Time by degrees vaniſhed quite 
away, and was never ſeen ſince, In the Plei- 
ades, which uſed to be reckoned 7, there are 
but 6 to be ſeen with the naked Eye. 

(6) Hoots Micrograph. pag. 241. 

(c Antonius Maria de Rheita, Rad. Sydereomilt. pag. 197. 

| rom 
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From the Similitude there appears to be be. 


tween the fixed Stars and the Sun, it is gene. 
rally ſuppoſed by Philoſophers, that they ate 
not placed in the Heavens by way of Orna- 
ment only, or to ſupply us with a faint Light 
in the Abſence of the Moon; but that each 9 
them is placed in the midſt of a Syſtem of 
planetary Worlds, and that it directs their 
Motions, and ſupplies them with Light and 
Heat, in the ſame Manner that the Sun doe; 
the ſeveral Bodies of which the Solar Syſtem 
is compoſed (d). 

As to thoſe Alterations in the Appearances 
of ſome of the fixed Stars mentioned above, 
Sir Jaac Neuen conjectures, that, as it is pol- 
ſible the Sun may ſometimes receive an Addi- 
tion of Fewel by the falling of a Comet into 
it (the only Uſe (e) they ſeem to be of) ſo 
the ſudden Appearance of ſome of the Stars, 
which formerly were not viſible to us, may be 
owing to the falling of a Comet upon them, 
and occaſioning an uncommon Blaze and Splen- 
dor for ſome Time. But that ſuch as appear 
and diſappear periodically, and increaſe by very 


(4) How the Sun directs the Motions of the Planets will be 
ſhewn afterwards, 

(e Sir Jaac Newton computes, that the Comet which appear- 
ec in 1680 approached towards the Sun within leſs than a fixth 
Fart ot the Sun's Diameter; and from thence concludes, that 
it mut have len retarded by the Reſiſtance of the Sun's At. 
moſphere, whica is very large; the Coniequence of which is, 
that it muſt come nenrer and nearer the Sur every Revolution, 
till at laſt it falls into its Body. | 


I flow 
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W now Degrees, ſeldom exceeding thoſe of the 
third Magnitude, may be ſuch as having large 
W Portions of their Surfaces obſcured by Spots, 
may by revolving about their Axes, like the 
sun, expoſe their lighter and darker Parts to 
W us ſucceſſively. 


—_——_—_—_ 


4 — 
— 


SECT. II. 


07 the apparent Motions of the Hea- 
3 venly Bodies. 


CHAP. III. 


Aving now laid down the frue and pro- 
| per Motion of the Planets, and ſhewn, 
as far as the Obſervations of Aſtronomers. have 
| been able to inform us, the Nature of the 
Sun, the Planets, and the fixed Stars; we are 
in the next Place to enquire particularly into 
their apparent Motions, and ſhew how it comes 
© to paſs that theſe ſeem to us ſo different from 
what they really are. And theſe are principally 
of two Sorts, viz. thoſe which ariſe from the 
Motion of the Earth round its Axis, and thoſe 
which are owing to the Motion of the Earth 
and Planets about the Sun. The former of 
| theſe ſhall be conſider'd in this Chapter; the 
| latter in thoſe which follow. 


Since 
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Since then, as we obſerved above, the Earth 
turns round its own Axis from Weſt to Eaf 
every Spectator upon its Surface muſt neceſſy 
rily be carried r-und it the ſame Way; and 
conſequently thoie Parts of the Heavens which 
lie hid towards the Eaſt, will by and by 
come into his Sight, and thoſe which are yi. 
fible to him will depart out of it towards the 
Weſt. From hence it is that the SpeQator, 
not being ſenible of his own Motion (the 
Reaſon of which 1s, becauſe all things about 
him move along with him) imagines the whole 
Heavens to turn round the contrary Way, vis, 
from Eaſt to Weſt, every 24 Hours, which 
is nearly (J) the Time the Earth performs one 
Revolution about its Axis in. This may be 
illuſtrated in the following Manner. 

Let the Circle STV (Fig. 3.) repreſent the 
Earth, S the Place of a Spectator, ABC 6 
much of the Heavens as is viſible to him 
in that Situation, and let A be the Place of the 
Sun or any other of the Heavenly Bodies: When 
8, the Place of the Spectator, is carried by the 
Rotation of the Earth about its Axis to 
T, the viſible Part of the Heavens will be- 
come BAD; and the Point A, which be— 
fore was juſt at one Edge of the viſible Por- 
tion of the Heavens, is now in the midſt of 
it, or directly over the SpeCtator's Head. Again, 


The Reaſon why this is not the cad Time, is, becauk 
of the Motion of the Earth in its Orbit performed in the meal 
while ; as ſhall be explained in Chapter the XV. 
| when 
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When the Spectator is got to V, the viſible 
part of the Heavens is become ADX, and 
Je Point A is got to the other Extremity of 
b t, and juſt ready to diſappear; after which 
Wt is ſeen no more till the SpeCtator arrives at 
Whe Point S again. 

From this Motion of the Earth ariſes that 
Wpparent Revolution of the Planets and fixed 
ars once in 24 Hours; as alſo that of the 
Nun, and therewith the Succeſſion of Day 
Ind Night 1 

That the Days vary from each other both 
Wn Point of Length and Heat, is owing to the 
otion of the Earth round the Sun, and will 
e accounted for in the next Chapter. 


a * 


CHAP. IV. 


Df the apparent Motion of the Sun, 
ariſing from the Earth's revolving 


about it. 


S, when a Perſon fails along the Sea- 
Coaſt, the Shore, the. Villages, and 
Ther remarkable Places upon Land appear to 
hange their Situation, and to paſs by him; 
d this apparent Change of Place is of two 
ts, (the one is that of Bodies at reſt, the 
C Change 
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Change of whoſe Places depend ſolely on thy Wi 
of the Spectator; the other is, that of Bois Wi 
in Motion, whoſe apparent Change of Pl, 
depends as well on their. own Motion asp 
that of the SpeRator ;) ſo it is in the Heaven; iſ 
To a Spectator upon the Earth, as itamos i 
along its Orbit, the Sun, the Planets, and he 
fixed Stars appear to change their Places; va 
Change in thoſe which are at reſt is owiny to 
wholly to the Motion of the Earth; in thok 
which move, it is to be aſcribed to their ow Ml 
conjointly with that of the Earth: The f.M 
mer Kind ſhall be conſidered in this Cha 
and the next, the latter in thoſe which follom, 
To begin with that of the Sun. 

As a Spectator in the Sun would ſee thei 
Earth deſcribing a Circle in the Heavens WT 
which is that where the Plane of the Earth 
Orbit (were we to ſuppoſe it extended fi 
enough) would cut them; ſo a SpeQator «i 
the Earth, being carried round the Sun ther 
with, would imagine that to move throvgili 
the ſame Circle, and in the ſame Direction 
paſſing from Star to Star, till it has appeard||ſCer 
to move quite round the Heavens. This Ci 
cle is called the Ecliptic, and, from what wil 
obſerved above of the Zodiac, neceſſarily pal 
through the twelve Signs thereof. From benz 
it is, that the Sun is faid to paſs through 1 JG 
Signs of the Zodiac once a Year. l 


— 
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SW To illuſtrate this, let 8 (Fig. 4.) repreſent 
Wc sun, ABC the Orbit of the Earth, and 
WDEF the ſtarry Firmament. Then if we ſup- 
poſe the Spectator to be in the Sun, as the Earth 
moves from A to B, it will ſeem to move 
from D to E, deſcriving the Arch DE in the 
WHecavens, and ſo on; but if the Spectator be 
Wu pon the Earth, then whilſt it moves from A 
to B, the Sun will ſeem to deſcribe the Arch 
WGH in the oppoſite Part of the Heavens: 
And whilft the Earth is paſſing from B to C, 
the apparent Place of the Sun will paſs from 
WH to 1; and ſo on through the whole Circle. 
$0 that the Sun appears to deſcribe the ſame 
Circle among the fixed Stars in a Year, that 
the Earth would ſeem to deſcribe in the ſame 
Time to a Spectator in the Sun. 

Having thus ſhewn, that the annual Motion 
Wof the Earth gives the Sun an apparent one 
Win the Ecliptic, we ſhall now proceed to en- 
Wquire how the Variety of Days and Nights, 
Was to their Lengths and the different Seaſons 
Wot the Year, are to be accounted for. In or- 
er to which we will premiſe the three follow- 
Wong Obſervations, 


I. As the Earth turns round its Axis, there 
Pre two Points in its Surface which have no 
Motion from thence, viz. the two Extremi- 

es of its Axis. Theſe Points are called the 
"oles of the Earth; that which reſpects the 
| C 2 North, 


38 Of the apparent Part iy 


North, is called the North Pole, the oe p 
the South Pole. But every other Point & 
the Earth's Surface deſcribes a Circle, which 
will be greater or leſs, as the Point that d. 
ſcribes it is farther from or nearer to eithe | 
Pole; and conſequently that Circle, whoſe d. 
ſcribing Point is equally removed from either, 
will be the largeſt of all. This Circle is cal. 
ed the Equator, by Mariners the Line; an 
its correſponding Circle in the Heavens, * 
that which the Plane of this Circle, were W 
to ſuppoſe it extended thither, would mak 
out, the Eguinoctial Circle; and thoſe leſa WW 
Circles deſcribed by other Points of the Earth' 

Surface are called Parallels of this, 


II. The Axis of the Earth, as was obſervel 
above, making an Angle with the Plane d 
its Orbit of 23 Degrees and an half, does the 
fame with that of the Ecliptic, thoſe two 
Planes being coincident one with another, 
Thus ſuppoſing the Line AB (Fig. 5.) to r- 
preſent the Plane of the Ecliptic ſeen edge 
ways, and the Circle DFE the Earth; tht 
Aris of it is not coincident with the Perpend- 
cular DE, but ſtands inclined in the Situation 
FG, ſuppoſing the Arch DF to contain 2 
Degrees and an halt. And, 


III. In whatever Part of its Orbit the Earth = 


is, its Axis has the ſame Inclination wy 
Plans 


plane thereof, and is every where parallel to 


Jany one Point of its Orbit, the Axis will in 


5 to the ſaid Line. Thus ſuppoſing the Line 


if F to repreſent the Situation of the Axis of: 
„che Earth when at DFG, and to be parallel 
to the Line HI; then when the Earth is at 


Iwill ſtill be parallel to the ſame Line 
= HI (a). | 


the Plane of the Ecliptic to be repreſented by 
the Line AB (Fig. 6.) ſeen edgeways as before. 
Let the Point S repreſent the Place of the Sun, 
and PEpQ the Earth, whoſe Axis let be Pp, 
and its Poles P and p, the former the North, the 
latter the South ; and let EQ be the Equator, 
and TC, RN, Sc. Parallels thereof, And let 
us in the firſt Place conſider the Earth in the 


re- Situation KL, or directly beyond the Sun with 
ge- i reſpect to the Eye. It is evident from the 
the Figure, that in this Situation of the Earth, the 


dun's Place S is in the Plane of the Equator 
LQ produced; and conſequently, while the 


. (4) N. B. The Axis of the Earth deviates a little from its 
Paralleliſm every Revolution of the Earth about the Son, but 
In ſo ſmall a Degree that the Conſider tion of ir is better 


omitted in this Place; it ſhall be taken Notice of in che next 
Chapter. 
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S:t(clf; that is, if a Line be conceived as drawn 
parallel to the Axis, while the Earth is in 


W cvery other Situation of the Earth be parallel 


/g, or any other Part of its Orbit, its Axis 


Theſe things being obſerved, let us imagine 
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Earth revolves upon its Axis Pp, the Sun vil 
appear to deſcribe that Circle, and will en. 
lighten one Side of the Earth from Pole 6 
Pole. Whence half of the Equator, and het 
of each of its Parallels RN, TC, Ce. will be 
enlightened thereby, while the other half, be. 
ing on the oppoſite Side the Earth, will be 
in the Dark. And conſequently every Place 
on the Surface of the Earth, fince it muſt de. 
ſcribe ſome one of thoſe Parallels as it is car- 
ried round by the diurnal Motion, will be 2 
long in the Light as in the Dark ; that is, the 
Days and Nights will then be of equal Length 
all over the Earth (). 

But becauſe the Axis of the Earth is every 
where parallel to itſelf, as was juſt now ob- 
ſerved ; when the Earth is carried by its annual 
Motion into the Situation MO (which we will 
ſuppoſe to be a quarter of a Circle diſtant 
from its former Situation, the Poles of the 
Earth being ſtill turned the ſame Way as be- 
fore) it is manifeſt that the Sun's Place S is not i 
now in the Plane of the Equator EQ pro- 
duced, (for that would paſs below the Sun to- 
wards L) but directly over C, a Point in the 
Parallel TC; and therefore, as the Earth re- 
volves about its Axis, all Places of the Earth 


(5) When the Sun appears to enter the firſt Degree of tie 
Sign Artes, the Earth is in that Part of its Orbit where theſe 
Phænomena happen. 


4 | that 


er the Sun once in 24 Hours, as thoſe that 


tuation of the Earth: And ſince the Rays of 
the Sun always enlighten one half of the Globe 
Wot the Earth at a Time, they will reach be- 


W whence it follows, that the Tract of the Earth 
which lies within the Circle FG enjoys con— 


tidal Day-light, while the Earth is in this“ 
e Pert of its Orbit; and on the contrary, that it 
Ws continual Night to that Part of the World 


chat lies within the oppoſite Circle HI; that 
Ws, the Sun will not appear to ſet in the for- 
mer, nor riſe in the latter. And farther, greater 


| the Equator and the Circle FG will be in the 


appears by Inſpection of the Figure, in 
which the latter Hemiſphere is diſtinguiſhed 
om the other by being ſhaded; and on the 
Weontrary, greater Portions of ſuch as lie be— 
tycen the Equator and the Circle HI will be 
Jin the Dark, than in the Light. And hence 
It Is that the Earth being in this Part of the 
[Ocbit, the Days are longer than the Nights 
yon the Northern Side the Equator ; whereas 
Jen the Southern Side, the Nights are longer 
Man the Days; and the Difference betwe. 1 the 
Lengths of the Days and Nights is fo much 
C 4 the 
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E that lie in this Parallel will come directly un- 


lay under the Equator did 1n the former Si- 


yond the North Pole as far as F; and on 
the other Side no farther than I From 


= 


—— — — — 
|, . 


Portions of thoſe Parallels which lie between 


illuminated Hemiſphere than in the dark one, 
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ation; ſo that the Sun will ſeem to deſcribe 
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the greater, as the Place is more remote from 
the Equator on either fide, becauſe the Di. 
ference between the Portions of the Parallel 
which are in the illuminated Hemiſphere, ad 
thoſe which are in the contrary one, are greats 
the farther they are from the Equator : By 
to ſuch as live under the Equator, Day and 
Night are in this Situation of the Earth alf 
equal to one another, one half of the Equatar 
EQ being here alſo in the illuminated He. 
miſphere (c). 

Let us now conceive the Earth to hav 
moved through another quarter Part of it 
Orbit, and to be in the Situation KL again, 
but with this Difference, that it is now on the 
contrary {de the Sun to what we ſuppoſed it 
at firſt. In this Situation alſo it is evident, that 
the Plane of the Equator EQ being produ- 
ced, will paſs through the Sun, and that the 
illuminated Hemiſphere will paſs from Pole 
to Pole as before; for we are ſtill to conceive 
the Axis of the Earth parallel to its firſt Situ- 


the ſame Circle in the Heavens, and the 


Days and Nights will be equal every where, 


fc) In this Situation of the Earth the Sun appears to bein of 
the firſt Degree of Cancer, and to the Inhabitants of the North 
ern Hemiſphere of the Earth introduces the Summer, to tho 
of the other the Winter Quarter, 7: . 


a) 


Jof its Orbit (4). 

hut when the Earth has paſſed through an- 
other quarter of its Orbit (which we will ſup- 
poſe it to have done, when it ĩs in the Situation 
EX Y) its Axis Pp ſtill remaining parallel ta 
its former Direction, the Place of the Sun will 
now be vertical to R, a Point under the Parallel 
RN; fo that to all the Inhabitants that live 
Sunder this Parallel, the Sun will be vertical 


at MO; and that Portion of the Earth's Sur- 
„ace which is included within the Circle FG 
e vill be wholly in the Dark, and that with— 
tin the oppoſite one HI will be wholly in the 
it WE Light; and leſſer Portions of the Northern 
„Parallels will be in the Light than in the Dark, 
and greater Portions of the Southern. So that 
le the Inhabitants of the Northern Hemiſphere 
ve will then have their Days at the ſhorteſt, and 


E thoſe of the Southern at the longeſt. Thoſe 
who live within the Circle FG will have no 
Day, and thoſe within HI no Night. Tho' 
to thoſe who live under the Equator, the Days 
and Nights are in this, as in all other Situations 


Jof the Earth, of an equal Length, the Equator 


(4) In this Situation of the Earth, the Sun enters the firſt 


Degree of Libra, and makes Autumn to us, and Spring to thoſe 
en the other fide the Equator. 


being 
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Is when the Earth was in the oppoſite Point 


W once in 24 Hours, as it was to thoſe who live, 
Wunder the Parallel TC, when the Earth was 


— 


o * * 
2 ͤꝗ—é—ñ 
8 


— dns 


— 


— 
—— — — 


— 


— 0 i OG 6 BEE — — 
a r * , o ” 


4+ - —— 
— — 


— SS IS - T4. 


£S&-<++ 


* 4 —_ SI 


2 es 


areas inn cn gt _ ——_—— — ——— . ———— <4 4; 


or in Aries; and the Circle GFF, which ſeparates the light 


will gradually advance into the illuminated Hemiſphere, and 


from Darkneſs, for the like Reaſon that belote it receded 
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being every where cut into two equal Pin; 
by the Boundary of Light and Darknefs (e) 


From 


e) When the Earth is in that Part of its Orbit where the 
Phenomena happen, the Sun is then entering the firſt Dove 
of Capricorn, and brings on Winter to us, and Summer to the 
Inhabirants of the other Hemiſphere. 


There is another Way in which theſe Phenomena may be 
illoſtrated; and that is as follows, Let S {Fig 7.) repreſent 
the Sun, and the Circle ABDD the Earth's annual Courſe round 
it; EFGH the Earth, Þ the North Pole, RT the A Gtic Circle, 
IKLE the Tropic of Cancer, FNH the Northern half of the 
Equator ; the ſhaded Part the obſcure Hemiſphere, the other 
the illuminated one: And let X be the Place of the Sign n 
in the Heavens, Y that of Cancer, M that of Libra, and 
that of Capricorn. 

When the Earth is in that Part of its Orbit that reſped; 
Mor Libra, the Sun appears in the oppoſite one, wiz. at X, 


Hemiſphere from the dark one, piſtes through the Poles of the 
Earth, and therefore cuts each Parallel of the Equator into tuo 
equa! Parts, and thereby renders the Days and Nights every 
where equal. | 

But while the Earth in its annual Courſe moves from M to- 
wards Q, which we will ſuppoſe to be a quarter of a Circle di- 
tant from it, its Axis being directed as before, the Pole f 


that Portion of the Parallels that are therein will continually 
increaſe until the Earth is arrived there: In which Poſition 
the Boundary of Light and Darkneſs paſſes through FRH, 
the Pole P, and all the Space within the ArQic Circle falling 
wholly within the ill:minated Hemiſphere ; and tho'e Portions 
of the ſeveral Parallels that are in the Light, will be longer 
than thoſe which are in the Dark ; all which is evident from 
the Inſpection of the Figure. So that in the Northern Hemi 
ſphere of the Earth the Days will be at longelt, and the 
Nights at the ſhorteſt, 

gain, as the Earth is moving from Q towards X, the Pole 
P begins to incline towards the Line that diſtinguiſhes Light 


from it; and therefore thoſe Portions of the Parallels that as 
10 
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From this apparent Shifting of the Sun from 
one Side of the Equator to the other, thoſe 
parallels of the Equator, mentioned in the 
Wforcgoing Explication, have been diſtinguiſhed 
from the reſt by particular Names, as the two 
pics, and the two Polar Circles. The To- 
pics are TC and RN: The former is called the 
H Tropic of Cancer ; becauſe, when the Sun ſeems 
to deſcribe that Circle, it then appears to be in 
the firſt Degree of that Part of the Ecliptic 
Which is diſtinguiſhed by the Sign Cancer: 
The latter is called the Tig of Capricorn; be- 
cauſe at that time of the Year when it appears 
W to deſcribe that Circle, it is entering the firſt 
Degree of the Sign Capricorn. The two 
Polar Circles are FG and HI; the former 


* 


1 . 
ie the Arctic, the latter the Antarctic. Theſe 
- Fare juſt as far diſtant from their reſpective 


Poles, as the Tropics are from the Equator ; 
uz. 23 Degrees and an half; this being a 
| neceſſary Conſequence of the Sun's illuminat- 


ding but one half of the Globe of the Earth at 
i a Time, 
1, 


in the Light gradually leſſen till the Earth arrives there; at 
which Time that Line will paſs through it again, and ſo make 
the Days and Nights every where equal. 

But afterwards the Pole will begin to fell into the obſcure 
Hemiſphere, and ſo recede gradually from the Light, until 
the Earth comes to V; in which Situation not only the Pole, 

but the whole Arctic Circle will be involved in Dirkneſs ; and 
thoſe Portions of the ſeveral Parillels thit are in the Light, 
will be ſhorter than thoſe which are in the D:rk ; fo that 
| the Days will be at the ſhorteſt, and the Nights at the longeſt. 


The 
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ſtitial Colure. And laſtly, ' theſe four Points 


The Days and Nights being of an equi 
Length, when the Sun appears to be in thoþ 
Points where the Equator cuts the Eci 
(vix. the firſt Degree of Aries and Libra) t 
are from thence called the Equinoctial Point, 


and the Times of the Year anſwering therey 


the Eguinoxes; one the Vernal, the oth WE 
the Autumnal : And of the Eguinoctial Print, 
that where the Echptic croſſes the Equator a 
in its Aſcent towards the North Pole, is called 
the vernal Equinoctial Point; that where i iſ 
croſſes it in its Deſcent towards the South Pole, MW 
the Autumnal : And a Circle imagined to pak 
through them and the Poles of the Earth i; 
called the Equinoctial Colure. 

And becauſe when the Sun ſeems to deſcribe 
either of the Tropic Circles (that is, when it 
enters the firſt Degree of Cancer or Capri. 
corn) it being about to revert to the Equator, 
does.as it were ſeem to ſtand ſtill, neither re- 
ceding from, nor approaching towards i, 
theſe Points are called the Solſtitial Points; 
and the Times of the Year anſwering there- 
to are termed the two Solftices; the one 
the Summer, the other the Winter. And 1 
Circle conceived to paſs through the Poles d 
the Earth and theſe Points is called the &. 


of the Heavens being thoſe in which the un 
appears to be when the four Seaſons of the Yeat 
(viz. the Spring, Summer, Autumn, and Winter 

4 begin, 
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begin, are diſtinguiſhed by the Names of 
Cardinal Points. 

If a right Line perpendicular to the Plane 
of the Ecliptic be ſuppoſed to paſs through 
the Center of the Sun, and to be extended 
both ways to the Heavens, this Line is called 
the Axis of the Ecliptic ; and the two Ex- 
 tremities thereof the Poles of the Ecliptic. 


the Center of the Earth inftead of the Sun; 
W for they are ſo near to each other with reſpect 
to the Diſtance of the Heavens, that the Dif- 
@ ference is not material. 

= The Sun being not placed in the Center of 
8 thoſe Ellipſes which the Planets deſcribe in 
moving round it, but in one of their Foci, 
as was obſerved above, it follows, that they 
E muſt be farther from the Sun in one Part of 
their Orbits than in another. And not only 
ſo, but they muſt alſo move faſter in one 
Part of their Orbits than in another; becauſe, 
as has been already demonſtrated in Part I. 
Chap. VIII. page 46. whatever Orbit a Body 
Nil 
| tripetal Force whatever, it will deſcribe equal 
| Areas in equal Times; that is, it will move 
faſter in Proportion as it approaches nearer to 
the Body it revolves about, and flower the 
| farther it is from it, And accordingly it is 
obſerved by Aſtronomers, that the nearer a 
Planet 


900. 
nts 
dun 
eat 


hut this Line is oft conceived to paſs through 


© deſcribes, if it be retained therein by any cen- 
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Planet comes to the Sun in its Orbit, th 
ſwifter it moves. | | 

The Conſequence of this is, that the Su 
does not appear to move uniformly along th Wi 
Eciptic, but in tome Days to deſcribe a great: i 
Portion of it than in others. In Win 
it moves the faſteſt, in Summer the ſlowel;; 
inſomuch that it takes up eight Days mor 
in paſſing from the Yernal to the Autumn 
Equinex, than in its Paſſage from the 4. 
tumnul to the Vernal; altho' in either of these 
Intervals of Time it moves through juſt hal 
of the Ecliptic (J). 

When an Ellipſe is conſidered as the Orbi 
of a Planet, the longer Axis thereof is called 
the Linea Apſidum; and if the Focus F be the 
Place of the Sun (g), the Point A is called the 
Summa Apis (b), or the Apbelion; and the 


oppoſite 


Hence it is, that in one Part of the Year the Sun i 
farther towards the Eaſt, and in another farther towards the 
Weſt, than it would ſeem to be, was its apparent Motion in 
the Ecliptic uniform; ſo that it paſſes the Meridian ſometime 
ſooner, ſometimes later, thin the Time at which a Clock that 
moves vnifdrmly would indicate the Hour of Tavelve, This 
is one Reaſon that Sun-dials are obſerved to go ſometime 
flower, and ſometimes faſter. When the Sun appe urs too fit 
toward the Eaſt, they are too flow ; when it appears t00 
much to the Weſtward, they are too quick. But tee this far 
ther explained, Chap. XVI. : 

(g) See Fig. 2. 

(+) This is the general Name to diſtinguiſh that Poiat of 2 
Orbit, in which a revolving Planet is at the greatelt Dillance 
from the Body it revolves about. With reſpect to a Body ſe- 
volving about the Sun, it is called the 4;he/inr; but with re. 
ſpect to the Moon conſidered as revolving about the Earth, 


L 
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Joppoſite one B, the Ima Apis, or the Peribe- 
on. The Diſtance of a Planet from its Aphe- 
on is called its Anomaly; and this is of 
two Kinds, mean and real: The latter is its 
T rcal Diſtance from its Apbelion; the former is 
hat Diſtance at which it would be from it, 
8 uppoling its Motion in its Orbit to be uni— 
form; and the Difference between theſe two 
Aſtronomers call the Equation, or Proſtbapbæ- 
of the Planet. 
The Ellipſes the Planets deſcribe do them- 
ſelves turn round the Sun, though with a 
very ſlow Pace, their Apbelia reſpecting ſome- 
times one Part of the Heavens, and ſome- 
W times another. In this Age the Apbelion of 
the Earth's Orbit points towards the former 
Part of the Sign Capricorn. This is the Rea- 
ſon that the Sun is farther from us in Sum- 
mer than in Winter; for the Sun appearing 
in Cancer in the former Seaſon, the Earth is 
then in Capricorn, and therefore in its Aphel:on, 
that is, its greateſt Diſtance ſrom the Sun. 
The Sun being farther removed from us in 
Summer than in Winter, it may be aſked how 
it comes to paſs, that fince the Sun is the 
Fountain of Heat, as well as Light, our Win- 
| ters are ſo much colder than our Summers? In 
anſwer to this it is to be conſidered, that the 


is called the Apogeon. And the Ina Apſi is the neareſt Point, 
Which with reſpect to a Body moving about the Sun is called the 
| Peribelion, but with reſpeQ to the Moon the Perigeon. 


Rays 


= ah = — — — 
—— ͤj—— — — 


50 Of the apparent Part i 
Rays of the Sun fall with much leſs Ohl. 
quitv upon the Surface of the Earth on our fiþ 
the Equator in the Summer, than in the Wu. 
ter; and therefore they not only act more for. 
cibly upon it, but a greater Quantity of then 
fall upon a given Place. Again; in the Win. 
ter the Sun being much lower in the He. 
vens when at its Meridian Height, than i 
Summer, its Rays paſs through a longer Por. 
tion of the Earth's Atmoſphere, by which 
great Part are intercepted, and ſome by vari. 
ous Refractions and Reflections turned another 
Way (71). And laftly, in Summer the Sun con- 
tinues with us ſixteen Hours, and is abſent but 
eight; whereas in Winter it is with us but eight 
Hours, and is abfent ſixteen. All which Things 
conſpire to make a conſiderable Alteration with 
reſpect to Heat and Cold. 

If this be ſo, why is not the Weather hot- 
ter when the Sun is in the Tropic of Con- 
cer, its Rays then falling with the leaſt Ob- 
liquity, and paſſing the ſhorteſt Way through 
the Atmoſphere, and the Days being then at 
the longeſt, than it is about a Month after- 
wards, when the Sun is in the beginning of 
the next Sign? . In anſwer to this it is to be 
remembered, that Bodies are not always the 
hotteſt at. that very Inſtant the greateſt Degree 
of Heat is applied to them : They require Time 


(i) See the State of the A:moſphere, Part II. Chap. III. 
to 
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EF. heat as well as to cool; it is the Length of 
Time therefore that the Heat is applied to 
them, as well as the Degree of it, that de- 
eermines the Quantity of Heat communicated 
Wto them. 

= For the like Reaſon we commonly find it 
W warmer about one or two of the Clock in 
the Afternoon, than at twelve, when the Sun is 
Win its Meridian Altitude, and its Rays fall thick- 
Welt and moſt forcibly upon the Earth. 

= The Sun appearing by means of the an— 
Inual Motion of the Earth (as was 1lluſ- 
Wtrated in the beginning of this Chapter) to 
move from Weſt to Eaſt in the Heavens, it 
happens, that if any Star riſes or ſets along with 
the Sun at any time, that Star will after 
Ba few Days riſe or ſet before it; becauſe the 
ESun's apparent Place in the Heavens will be 
removed to the Eaſtward of the Star. So that 
Wthoſ: Stars which at one time of the Year 
Wet with the Sun, and therefore never appear 

Wt all, (hall at another time of the Year riſe 

hen the Sun ſets, and ſhine all Night. And 

Es any one Star ſhifts its Place with reſpect to 

; he Sun, and in Conſequence of that with re- 

Ipect to the Hour of the Night, fo all the reſt 

Wo; and from hence it is, that all thoſe Stars 

hich at one time of the Year appear on any 

dne Side of the Pole-Star in the Evening, ſhall 

af a Year after, at the ſame Hour, appear 

dn the contrary Side thereof. 
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CHATS. Y; 
Of the Farth's annual Parallax, 
Nutation of the Poles, and the Pre. | 
ceſſion of 1be Equinoctial Points, 


Ince the Axis of the Earth is always g. ith; 

rallel to itſelf, it is in different Parts q 
the Year directed towards different Parts q % 
the Heavens; and therefore to a Spectator 01 
the Surface of the Earth, who cannot be {. ſ | 
ſible of his Change of Place, the apparat Abet 
Places of the fixed Stars are different, when 
viewed from oppoſite Points of the Earth 
Orbit. Thus let S (Fig. 8.) repreſent the Plz i 


of the Sun, AB the Orbit of the Earth, and 5 
when the Earth is at A, let its Axis be diredd * : 
towards the Point C in the Heavens; the » 
when the Earth is arrived at B, the opps * 
ſite Point of its Orbit, its Axis being p. 4 
rallel to its former Poſition, will be dite . 
ed to a different Point in the Heavens, ui itt. 
to D, as far diſtant from the former as tte 
Point A is from B, that is, a Space equal to ti: 

Diameter of the Earth's Orbit: And there (. 
to a Spectator on the Surface of the Fart, Las. 
the Places of the fixed Stars appear remote =” 
as far as from C to D, vis. by the Quant beo 
of the Angle CBD; or, becauſe the Liege 
AC and BD are parallel, by the Angle BCM. 


which is that under which the Orbit of q 
= Eat 
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Z arth would appear from a fixed Star at C. 

This Angle is by Aſtronomers called the 
WP orallox of the Orbis magnus, or the Earth's 
_ Parallax. 

If this Angle could be accurately taken, the 
[Diſtance of a fixed Star at C, with reſpect to 
that of the Sun at 8, might be ſound by the 

Rules of Trigonometry (a). But by 88155 of 
the great Diſtance ot the fixed Stars, that Angle 
Wis ſo exceeding ſmall that it cannot be taken 
with any tolerable Accuracy, even with the 
beſt Inſtruments. It has appeared to ſome to 
contain about 47 Seconds of a Minute, ac- 
Wcording to which the Diſtance cf the Stars 
1 be five hundred thouſand Millions of 
Miles from us; but to others, particularly to 
VFonſtead, who has taken great Puins to ob- 
ſerve it accurately, it has appeared to contain 
but 42 Seconds, according to which the Diſ- 
tance of the Stars muſt be much greater. 

Altho' we hitherto have looked upon the 
Axis of the Earth as being always parallel to 
iel, yet it is not fo, but 1s ſubject to a 
. wolold Motion; to the one is owing the Nu- 


ore (a) For the Angle DBC being tzken by Obſervation, its 
th, 2 00 ACB is had; and the Angle BAC, or SAC, ſubtends an 
* Arch of the Heaveus thut meaſures the Diltance hetwwes the 
| Place of the Sun and the {aid Point, and may therefore eaſily 
til] be obtained: And conſequently, by the Rules of Trigonometry, 
ine © the Fropo tion which the Line AC, or the Diſtance of the Star 

Wfrom the Fa: th, bers to the **. AB, which 1s double the 
FSun's Diltance, may be found, 
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tation of the Poles, to the other the Prec. 
ſion of the Equinoctial Points, which are ng 
to be explained. The firſt is a Deviation of ih 
Earth's Axis from its Paralleliſm with itte 
twice in the Year, and a Returning to it as q 
For inſtance, the Inclination of its Axis to th 
Plane of the Ecliptic increaſes while the Exh 
is moving from the Solſtitial to the Equinodiy 
and diminiſhes as much in its Paſſage fun 
the Equinoctial to the Solſtitial Points. So thy 
the Inclination of the Axis of the Earth to th 
Ecliptic is, notwithſtanding this, at oppoſt 
Points of its Orbit always the fame, Thi 
Nutation therefore does not in the leaſt inter 
fere with what was ſaid with regard to the 
Earth's annual Parallax, in which though we 
ſuppoſed that Axis always parallel to itſelf, jt 
we conſider'd it only in oppoſite Points of it 
Orbit. This is called the Nutation of th: 
Poles (6). The other indeed claſhes alittle 
with our former Suppoſition ; but taking! 
ſingle Revolution of the Earth by itſelf, x 
we have hitherto done, it is ſo ſmall as to be 
quite inſenſible, tho' not ſo when we tilt 
many Revolutions together. Accordingly, 9 
comparing ſeveral Years together, Aſtronome 


Have obſerved that the Axis of the Earth d. 


| % As the Inclination of the Axis of the Earth 1s tu 


twice augmented and twice diminiſhed, while the Earth x 
volves about the Sun, in like manner it is twice augmen 
and twice diminiſhed in each Revolution of the Moon ab 
that. | 
. viats 
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Vuates a little from the Direction it formerly had; 
Inotwithſtanding which Deviation, its Inclina- 
tion to the Ecliptic remains the ſame. To il- 
WS loftrate the Manner in which this Alteration 
WS in its Direction is made, let 8 (Fig. 9.) repre- 
WE (cnt the Sun, the Circle XEY the Earth, AB 
che Plane of the Ecliptic, EL the Axis of 
i, which we will now ſuppoſe to paſs thro” 
WS the Center of the Earth, and let PQ denote 
me Axis of the Earth. On the Surface of 
MS the Earth, and round the Points E and L, 
let us conceive the two ſmall Circles PTX 
and QV Y to be deſcribed. Then if at any 
Time the Poſition of the Earth's Axis is in 
the Line PQ, as we have ſuppoſed, after ſe- 
MT veral Revolutions of the Earth about the Sun 
it ſhall be found in the Situation CD; and af- 
ter (ſeveral more Revolutions it ſhall be re- 
moved into the Situation TV, Sc. the one 
Pole of the Earth deſcribing the Circle PCT X, 
and the other QDVY : So that notwithſtand- 


E of the Earth, its Inclination to the Plane of 
the Ecliptic remains the ſame, the Poles of 
the Earth being every where at the ſame Diſ- 
MW tance from E and L, the Poles of the Eclip- 
WE ic. But this Motion of the Poles is ſo very 
W flow, that they do not perform their Revo- 
tion in leſs than 25,920 Years, which is at 
the Rate of one Degree in 72 Years. It 
is performed in a Direction contrary to that 
3 D 3 of 


ing this Change in the Direction of the Axis 
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of the Order of the Signs, or from Eaſt , WRT» 
Weſt, Which is termed by Aſtronomer, , Bu 


Moving in Antecedentia ; whereas when a Boy (Wt? 
moves according to the Order of the Signs . 
Motion is ſaid to be in Conſequentia. fir 


From hence it follows, that the Solſtu i ſo 
Colure, which paſſes both through the Poles tee 
the Ecliptic and of the Earth, muſt neceſ 
rily turn round the Axis of the Ecliptie n 
the ſame Direction, or contrary to the Or Wi&«: 
of the Signs; and with that the Equinodl WE ; 
Colure alſo, becauſe theſe croſs one another 
at right Angles in the Poles of the Earh, 
Whatever Star therefore the EquinoCtial Point 
are directed towards at any particular Time, 
after 72 Years they will not be directed t 
the ſame, but to ſome other Star or Point «f 
the Heavens, fituated one Degree towards the 
Weſt. This Motion of the Equinoctial Point 
is called their Preceſſiun. And from hence 
the Stars ſeem to move towards the Eaſt, and 
thereby to have their Longitude (which is a- WW 
ways reckoned upon the Ecliptic from the WF 
vernal Equinoctial Point) increaſed. The Con- 
ſtellations therefore ſeem all to have deſerted WWF 
the Places allotted to them by the firſt Aſtrono- i 
mers. For Inſtance, the beginning of the Sign WW 
Aries, which was near the vernal Equinoc- WF 
tial Point, and gave Name to that Point of 
the Ecliptic, is now advanced about an who 
Degree forwards ; So that Aries is now Le 

auri: 
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Laurus uſed to be; Taurus where Gemini, &c. 
hut to avoid Confuſion, Aſtronomers have 
1 thought fit to let the ſeveral Portions of the 
Ealiptic, where theſe Conſtellations were at 

firſt obſerved to be, retain their old Names (c); 
ſo that the vernal Equinoctial Point is ſtill 


ö reckoned the firſt Degree of Aries (d). 


) Thoſe Portions of the Ecliptic, where the Conſtellations 

were at firſt, are called Auaſtra; thoſe where they now are, are 
© diling:1(hed by the Title of Stellata. 
& (4) The ancient Aſtronomers obſerving this Motion of the 
fred Stars, and not knowing how to account for it, concluded 
that they really had ſuch a Motion, and called the Time 

of an entire Revolution of them, Aunus Magnus, or the great 
Year; and 1magined that when that great Year was ended, 
and the Stars reinſtated in their proper Places, all Things 
= would begin to be done over again in the World, not only in 
the ſame Order and Manner, but by the ſame Perſons they were 
done before. | 

© The Cauſes of this Preceſſion, as alſo of the Nutations above 
mentioned, will be accounted for when we treat of the Cauſes 


of the Motions of the heavenly Bodies, 
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RI. 


Of the Phænomena which ariſe frm 
the Motion of the Earth, and of 
the inferior Planets, Mercury aw 
Venus conjointly, 


Ince the Orbits of Mercury and Venus ar 
8 included within that of the Earth, it i; 
evident neither of them can come to an Oppo: 
ſition to the Sun; that is, they cannot appex 
in the oppoſite Part of the Heavens with reſpe& 
to it, but muſt always accompany it in its - 
parent Metion through the Ecliptic, juſt as the Wi 
Satellites of the primary Planets do in reality | 


accompany them. But whereas they perform WW 

their reſpective Revolutions about the Sun P 
in Pcriods different from that of the Earth, M 
it is obvious they muſt be ſometimes on one F: 
Side of the Sun, and ſometimes on the other, WW w 
with reſpect to us; ſometimes be between the WF /u 
Sun and us, and ſometimes directly beyond it. WW 
When they are between the Sun and us, they 
are ſaid to be in their nferior Conjunction; 
when beyond it, in their ſuperior Conjunttim; 
and when they appear to be removed the fi- 
theſt from the Sun, on either Side, they at 
then ſaid to be in their greateſt Elongation. 


To 


_ ”— 


— 
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Joo illuſtrate this, let 8 (Fig. 10.) repreſent 
the Sun, ABCD the Orbit of one of the 
inferior Planets, ſuppoſe Venus; E the Place 
Jof the Earth in its Orbit; FG and HI a 
portion of the Heavens. Then will A be the 
ö Place of its inferior, C that of its ſuperior 
0 Cunjunction; in both which Caſes it will ap- 
peur in the Heavens to be at K, which is the 
apparent Place of the Sun. When it is at B 
or D, where a Line joining its Center and that 
of the Earth touches its Orbit, it then ap- 
E pears at I or H, and is ſaid to be in its 
8 greateſt Elongation, which is about 48 De- 
erees (a). But this is liable to ſome Altera- 
tion ; becauſe, as its Orbit is an F/lipſe, it is 
ſometimes nearer the Sun, and ſometimes far- 
ther trom it, in its greateſt Elongation. 
# From hence we ſee the Reaſon why the 
Planet Venus is ſometimes ſaid to be our 
Morning Star, and ſometimes our Evening Star: 
For after it has paſſed its inferior Conjunction 
with the Sun, and is aſcending towards its 
ic WE /uperior one, it is all that Time on the Weſtern 
„ide of the Sun, and therefore neceſſarily riſes 


— = 
So - — 
ä * . ö 


| (a) Hence the Diſtance of Venus from the Sun, with reſpect 
to that of the Earth from the ſame, is found. For if in the 
& Triangle EBS, we take the Angle at E, when that at B is a 
night one, the Proportion between the oppoſite Sides is had from 
e the known Rules of Trigonometry. The Reaſon why the Angle 
it Bis not always a right one, is, becauſe the Orbit of the 
& Planet is not a Circle, but an E/lip/e. - 


every 


— 
— 
* 
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every Morning before it, and is then our My, 
ing Star. On the other hand, while it 9. 
ſcends from its ſuperior to its inferior (Cy, 
junction, it is to the Eaſtward of the Sun, ii 
therefore riſes and ſets after it; and appears t 
us only in the Evening, after the Sun is donn. 

Farther, altho' the Motion of the infer 
Planets in their Orbits is direct, or accord. 
ing to the Order of the Signs, yet they ft, 
quently appear to be retrograde, or to mon 
the contrary Way; and ſometimes to ſtand ſtil 
When they are near their znferior Conjundin 
with the Sun, they ſeem to move one Way; and 
when near their ſuperior Conjunction, they ap 
pear to go another. And at that Time wha 
their direct or progreſſive Motion is changing 
into a regreſſive one, or the contrary, tle 
ſeem to ſtand ſtill. All which may be ||. 
luſtrated in the following Manner. 

Let ABCD (Fig. 10.) repreſent the Orbi 
of the Planet Venus, S the Place of the Sun, 
E the Earth, FG a Portion of its Orbit, and 
HI the Sphere of the fixed Stars, as before; 
and becauſe Venus moves faſter than the Earth, 
let us ſuppoſe the latter to ſtand ſtill, and the 
former to move with the Difference of thel 
Velocities: Then while Venus deſcribes thit 
Portion of its Orbit that is repreſented by DAS, 
it will ſeem from the Earth to move fron 
H to I in the Heavens, which is contrary d 


its real Motion, and to the Order of the Signs |; 
an 
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„ad in moving over the remaining Part of 
„ss Orbit, it will ſeem to paſs from I to H. 
„and was the Earth really to ſtand ſtill, as we 
vc ſuppoſed, it would be ſtationary, or ſeem 
co have no Motion either Way, at the Points 
and D. 


But as the Earth does not ſtand ſtill, but 
1 continues to move on in its Orbit, Venus will 
not ſeem ſtationary exactly at the Points B and 
D; but during its Motion through a certain 
Part of its Orbit, as LM, where ſuppoſing the 
Lines EL and OM parallel to each other, 
their Orbits are ſo inclined to each other, that 
the Space LM ſhall be to the Space EO as 
the Velocity with which Venus moves is to 
that with which the Earth moves; for it is 
Wevident, that in that Caſe the Earth will paſs 
through EO, while Venus paſſes through LM; 
Land 3 it will appear all the Time in the 
ſame Part of the Heavens, becauſe the Diſtance 
between thoſe parallel Lines is nothing, when 
compared to that of the Heavens. 

There is alſo another Particular to be taken 
Notice of with regard to the apparent Motion 
be Jof the Inferior Planets, vis. that they do 
e not ſeem to deſcribe the Ecliptic in the Hea- 
ens as the Sun does, but are obſerved to be 
ſometimes above and ſometimes below it. The 
Reaſon of this is, that their Orbits are in— 
Fclined to the Plane of the Earth' s, having one 
C half above it and the other below it, on which 
Tt account 
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account they interſect the Plane of the El, 
tic in a Line that paſſes through the Cent 
of the Sun (the Center of the Sun, as wy 
obſerved above, being in the Plane of end 
Orbit.) This Line is called the Line cf þ 
Nodes; and the two Points of the Echt, 
through which it paſſes when produced to th 
Heavens, are called the Nodes. Theſe PE. 
nets therelore never appear in the Eclipric WE 
cept when they are in their Nodes, and in | 
other Parts of their Orbits ſeem to be mo: ME 
or leſs diſtant from it, according as they 
fituated with reſpe& to them and the Eirh, 
But if we ſuppoſe them to be ſeen from the 
Sun, their greateſt Diſtance from the Eci 
will be when they are fartheſt removed fron 
their Noges. | 
Their Diſtances from the Ecliptic, as i 
would appear if ſeen from the Center of the 
Earth, is called their Geocentric Latitud:; 
as it would appear from the Center of the Sun 
is called their Heliocentric Latitude. 
There is a remarkable Phenomenon rela 
ing to the inferior Planets, which was nd 
known to Aſtronomers, till diſcovered by 
the Teleſcope; and that is, that in their diffe- 
rent Situations with reſpect to the Earth, the) 
aſſume different Phaſes, or Appearances, lit 
thoſe of the Moon. Which may be explained 
in the following Manner. 1 
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| Let A, B, C, D, (Fig. 11.) repreſent the 
situation of one of the inferior Planets (Venus 
ſuppoſe) in ſeveral Parts of its Orbit, and let 
Js be the Place of the Sun, and I that of the 
Parth in its Orbit KL: And if from the 
Center of the Sun to that of Venus in its 
WE ſcvcral Stations we draw the Lines SA, SB, 
c. reſpectively; and at right Angles to 
E theſe the Lines MN, MN, Sc. theſe laſt 
Lines will repreſent Circles upon the Surface 
Jof the Planet, ſeparating the enlightened from 
the obſcure Hemiſphere. And if from the 
Earth to the Planet we conceive the Lines 
la, IB, Sc. to be drawn, and at right An- 
les to theſe the Lines OP, OP, Gc. reſpec- 
E tively, theſe latter will repreſent Circles ſe- 
parating that Part of the Planet which is turn- 
ed towards us from that which is not. Theſe 
ve may call Circles of Viſion. Now it is evi- 
dent, that when Venus is in its inferior Con— 
junction at A, the Circles MN and OP coin- 
E cide, and no Part of the Planet beſides its un- 
illuminated Hemiſphere is turned towards us; 
in which Caſe it is inviſible, unleſs it happens 
at that Time to be in or near the Plane of 
the Ecliptic, which if it be, it appears as a 
Spot upon the Surface of the Sun, When it 
| has advanced in its Orbit as far as B, there 
is a ſmall Part of the illuminated Hemiſphere 
included between the Lines OB and BM, on 
that ide the Circle of Viſion which is next 
F the 
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the Earth; in which Caſe, fince by reaſon |. 
its great Diſtance from us we cannot diſtin, 
guiſh the Convexicy of its Surface, it appen 
as a flat round Surface, a ſmall Portion d 
which is illuminated, the reſt being dark; an 
ſo appears horned, like the new Moon (3) 
When it has arrived at C, then is half i 
illuminated Hemiſphere turned towards 1 
and it appears as a round Surface, half of which 
is enlightened, and half not. When it hy 
got to D, then is the greateſt Part of its illy. 
minated Hemiſphere turned towards us, and 
it appears as a round plain Surface almot Wi. 
wholly enlightened, or what the Aſtronomers 
call gibbous. When it is in its ſuperior Con. WE 
junction at E, the Circles MN and OP coin 1 


(5) The Reaſon why Venus or any other Planet (the Moon th 
ſuppoſe) appears Horned, when a ſmall Portion only of its ji 
luminated Hemiſphere is turned towards the Eye of the Spec- its 
tator, will perhaps in ſome Meaſure appear from the Con. . 
deration of the 12th Figure, In which let ABCD repreſent 1 
the Planet Venus, or any other Body of a globular Form; which ſu 
that it might the better do, I have drawn ſome of thoſe Cir: 


cles which are uſually found on Globes deſigned to reprelet 
the Earth. Now if half this Globe be illuminated, and hal 
be in the dark, and if only ſo much of the ill minated Pan 
as is included within the Sp: ce ABCE be turned towards the 
Eye, the remaining Part AECD being obſcure, it is plain 
that the illuminated Part A CE, when the whole Surface AI 
CD, by reaſon of the great Diſtance of the Globe, appears fat, 
muſt ſeem to be horned. And again, if the Space ABCE wi 
a Portion of the dark Hemiſphere, and AEC D of the illum- 
nated, *tis certain that when both are conſidered as making 
one flat Surface, the illuminated Part muſt appear convex, d 
gibbous, on the Side AEC, which is contiguous to the unillu 
minated Hemiſphere ABCE. 


3 cide 
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Ide again, and the whole enlightened Hemi- 
here is turned towards the Earth; in which 
Pituation the Planet, if not intercepted by the 


Body of the Sun, appears like the Moon at 


r. 
a 
4 
* 


1 


he Full, After which it puts on the ſame 
\ ppearances again, but in an inverted Order, 
Kill it arrives at A, where it is iaviſible, as be- 


3 ore (c). 


What has been here illuſtrated with regard 
o Venus, is to be underſtood in Reference to 


the like Phenomena of Mercury; only with 


this Difference, that the Orbit of Mercury be- 


ing leſs than that of Venus, its greateſt Elon- 


ation is not ſo great as that of Venus, not 
ſexceeding about 33 Degrees. Upon which 
Account this Planet is rarely to be ſeen with 


the naked Eye. And as Mercury revolves 
round the Sun in leſs Time than Venus does, 


its direct Motions, Stations and Retrograda- 


tions, as allo its Conjunctions with the Sun, 


ſucceed one another quicker than thoſe of that 
other Planet. | 


c) Beſore the Invention of the Teleſcope, when Caper- 


ricus revived the old Pythagorean Hypotheſis, it was objected to 
him, thet, according to that Scheme, Venus ought to aſſume the 
like Phaſes with the Moon. To which he replied, that poſ- 
fbly ſome Means would be found out, whereby ſucceedi 
& Aitronomers would diſcover that it did ſo. The firſt that ob- 


\ 
9 q 


7 ſerved it was Galileo, who thereby greatly confirmed the Truth 
of the Cefernican Sy tem. 
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HAT N 


Of the Phænomena which are owjn 
to the Motion of the Earth, and thy 
of the ſuperior Planets Mars, ſu. 
piter, and Saturn conjuintly. 


HE. ſuperior Planets do not always ſeen 

to accompany the Sun, as we har 
ſhewn in the foregoing Chapter that the in- 
ferior ones do; but are ſometimes in Conjunc. 
tion with it, ſometimes in Oppoſition ; and 
are liable, as was obſerved before of the Plz 
net Mars, to be ſeen at any Diſtance from 
It, 
To illuſtrate this, let S (Fig. 13.) repreſent 
the Place of the Sun, ACE the Orbit of th: 
Earth, NRM that of one of the ſuperior Plz 
nets (ſuppoſe Mars) and let OP be a Portion 
of the Zodiac. Now ſince theſe Planets pe- 
form their Revolutions about the Sun in dit 
ferent Times from that wherein the Earth 
goes round its Orbit, it is poſſible, that whe 
the Earth is at E, Mars may be at M, or it mi 
be at N; in the former Situation, it is in Cot 
juoction with the Sun, in the latter it is h 


Oppoſition: Or it may be at R, or at T, 
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Wn any Situation with reſpect to the Sun and 
the Earth whatever. | | | 
W The ſuperior Planets have this in common 
vith the inferior ones, vig. that according as 
the Earth is ſituated with reſpect to them, 
they ſometimes ſeem to move forwards ac- 

Wording to the Order of the Signs, ſometimes 
ontrary to that Order; and between the Times 
Wof their being thus direct and retrograde, they 
em to ſtand ſtill, as ſhall be made evident 
Wby the following Illuſtration. 

Things remaining as before in the thir- 
eenth Figure, ſince the Motion of the Earth 
s quicker than that of Mars, let it be ſup- 
poſed that Mars ſtands ſtill at N, and that the 
arth is moving with the Difference of their 
lotions from B to C: It 1s obvious, that in 
his Caſe Mars will ſeem to paſs from O 
o P, which is contrary to the Order of the 
Signs; but while the Earth is paſſing over 
he other Part of its Orbit, viz. CAB, the 
Planet Mars would ſeem to move back 
Again from P to O, even though it had no 
Motion of its own. Since then it is moving 
hat Way all the Time, it neceſſarily ſeems to 
move according to the Order of the Signs; 
tho* with this Difference, that it ſeems to move 
aſter than it would do were it not for the Mo- 
nion of the Earth in the mean Time. Ana- 
logous to what was obſerved of the inferior 
Planets (ſince Mars does not ſtand ſtill, as we 
E have 
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have ſuppoſed) it will not appear to be Stat 
nary when he Earth is at B and C, but durin 
the Motion of the Earth through a cert 
Part of its Orbit, as LH, which, ſuppoſin 
the Lines LN and HI parallel, is to the Pg. 
tion of Mars's Orbit NI (through which thi 
Planet is moving at the ſame Time) as the (+ 
lerity with which the Earth moves is to thy 
of Mars. | 

- What was ſaid in reſpe&t of the infer 
Planets, that they do not always appear in thy 
Ecliptic, holds alſo with regard to the fuye 
rior ones. For their Orbits are alſo inclindfl 
to that of the Earth, one Side of them being 
above, and the other below it; fo that thok 
have alſo their Heliocentric and Geecentri 
Latitudes as well as the other, and are nem 
to be ſeen in the Ecliptic, but when they ar 
in their Nodes. | 
What has been illuſtrated with regard t 
Mars, is applicable to the other two ſuper 
Planets, only with this Difference; that ti 
Motion of Saturn is more frequently chang 
from progreffive to regreſſive, than that of j# 
piter ; as alſo its Oppoſitions and Conjunt 
tions with the Sun are more frequent. Tit 
Reaſon of this is, becauſe as Saturn mot 
much flower than Jupiter, the former is mat 
frequently overtaken and paſs'd-by by the Eat 
than the latter. And as theſe Phenomena Mp 
pen ofter in Saturn than in Jupiter, ſo tif 
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4 hap. VII. Sat. and Jupiter's Motion. 69 
o more frequently in Jupiter than in Mars 
r the ſame Reaſon. | 
go ſmall is the Diſtance of the Earth, with 
eſpect to that of Jupiter and Saturn, from 
he Sun, that in whatever Part of their Orbits 
they be ſituated with reſpect to the Earth, 
hat Side of them, as to Senſe, which is turn- 
Ed towards the Sun, is always towards the 
Farth ; on which Account they always appear 
o us as ſhining with a full Orb. But it is not 
o with reſpect to Mars; for ſince that Planet 
not much farther removed from the Sun than 
he Earth, it is obvious that that Side of it 
which is turned towards the Sun will not al- 
ays be towards the Earth. For Inſtance; 
Pough when Mars is at N, and the Earth at 
\ or E, its illuminated Hemiſphere is directly 
owards the Earth, yet it is turned away from 
conſiderably when the Earth is at B or C; 
t which time therefore it appears to want 
omething of its uſual Rotundity, or to be Gi 
W's like the Moon, a little before or ſoon after 
e Full. | 
As the inferior Planets Mercury and Venus 
Wave their reſpective Elongations from the. Sun 
hen ſeen from the Earth; fo the Earth, if 
e imagine it to be viewed from the ſuperior 
Flanets, hath alſo its Elongation from the 
un. But this being a Phænomenon, which 
not happened to our Aſtronomers to ee, 
ey give it a different Name, and call it when 
E 2 at 
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at the greateſt, from a Phenomenon in d 
ſuperior Pianets depending upon it, the Para. 
lax of the Semidiameter of the Earth's anny 
Orbit in theſe Planets: By which is meat; 
the Difference between the Place in the He. RF 
vens the Planet would appear in if ſeen fron WS it: 
the Center of the Sun, and that in which i MA ir 
would appear if ſeen from the Center of th: MF (i 
Earth, when at its greateſt Elongation from the 
Sun with regard to that Planet. To explain 
this, let N be the Place of the Planet, ad 
B that of the Earth in its greateſt Elongz 
tion from the Sun, as ſeen from that Plane: 
Then will the apparent Place of the Planets 
ſeen from the Sun (that is, its true or Hel 
centric Place) be Q, but its Geocentric ot a- 
parent Place as ſeen from the Earth, will be, 
Now becauſe the Arch QO ſubtends an An- 
ole (vig. QNO) at the Planet which i 
equal to SNB, vig. that which SB, the d. 
midiameter of the Earth's annual Odi 
ſubtends, the above-mentioned Difference n 
the apparent Situation of the Planet is call 
the Parallax of the Semidiameter of the Earl" 
annual Orbit in that Planet (a). | 

Thi 


{a) Hence, as was obſerved of the inferior Planets, the Di 
tances of the ſuperior ones from the Sun, with reſpect to tix 
of the Earth from thence, may be found, - For in the Trut 
ge SPN, all the Angles being known, the Relation betvet! 
the two Sides BS and SN is had by the known Rules of 1 
zemetry, The Angle SEN is had from immediate Obſervati 

1 
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This Angle in Mars is but 42 Degrees, 
W in iter not above 11: In Saturn it is but 


Mercury ſeen from the Earth, viz. about 6 
Degrees. So that ſince Mercury by reaſon of 
W its Nearneſs to the Sun is rarely ſeen by us, 
in all Probability the Aſtronomers in Saturn 
W (if there be any) do not know that there is 
ſuch a Body in the Univerſe as our Earth. 


25 being ſubtended by an Arch in the Heavens between the ap- 
parent Place of the Flznet and that of the Sun. The Angle 
WF at N is equal to the Difference between the real and apparent 
Place in the Planet; the firſt of which is found by Computa- 
tion, the latter by Calculation. In Jupiter, the beſt Wav of 
finding that Angle is from his Satellites, the Method of doing 
which ſhall be ſhewn when we have conſidered the Phznomena 
of thoſe Planets. 
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| Of the Phænomena of the Moon. 


Aving now finiſhed what relates to the 
Thœnomena of the Primary Plancts, 
we proceed to confider thoſe which are ow- 
ing to the Motion of the Secondary ones; and 
irſt of the Moon, which is the conſtant and 
only Attendant of the Earth, and is always 
ſo near it, that if the Earth and the Moon 
were viewed together from the Sun, the 


4 Moon 


the fourth Part of the greateſt Elongation of 
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Moon at ſuch Time as it would appear the 
fartheſt from the Earth would not ſeem | 
be at a greater Diſtance from it than wh, 
is equal to one third Part of the Breadth g 
the Sun's Body, as it appears to us. 5 
Since the Moon is an opake ſpherical Body, 
and revolves about us in ſuch Manner x tg, 
paſs between the Sun and the Earth, it i 
abſolutely neceſſary it ſhould put on differ. 
ent Appearances, according to its varioy 
Poſition with reſpect to the Sun and the 
Earth; its illuminated Hemiſphere being con- 
ſtantly turned towards the Sun the Foun. 
tain of Light, and for that Reaſon ſometims 
a greater and ſometimes a leſs Portion f i 
turned towards us. To ſhew this, little nced 
be ſaid, after ſo full an Explication of the 
ſeveral Phaſes of Venus, as was delivered in 

Chap. VI. | 
When the Moon is between the Earth and 
the Sun, that is, in Conjunction with the Sun, 
its whole illuminated Hemiſphere is turned 
from us, in Which Station it is faid to bt 
New; aſterwards when by its Motion in i 
Orbit it emerges out of the Sun's Rays, 
ſmall Portion of that Hemiſphere which ö 
turned towards the Sun is alſo turned towards 
the Earth, and then (as was obſerved of Yeu) 
the Moon, by reaſon of its great Diſtance 
irom us, appearing as a flat Surface, one Eo 
L | | 
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Pe that Surface appears brighter than the reſt 
Z F it, and ſo the Moon in this Situation ap- 
| i ears horned; and becauſe it moves from Eaſt 
o Weſt, as was obſerved above, it at this Time 
Pppears to the Eaſtward of the Sun; upon 
Er hich account it ſeems to follow the Sun in 
Ws daily Courſe, rifing and fetting after it. 
* Vhen the Moon is got to a quartile Aſpect, 
Aſtronomers call it, (that is, to the Diſtance 
fa quarter of a Circle in the Heavens from 
he Place of the Sun) then is halt of its il 
Nominated Hemiſphere turned towards us, and 
half from us, in which Cafe it appcars to us 
plain round Surface ha!f illuminated, and 
haf not. When it has advanced a little far 
ther in its Orbit, and got further from the Sun, 

more of its illuminated Hemiſphere becomes 
iſible to the Inhabitants of the Earth, whence 
Wit appears like a plain round Surface, ſome- 
what defective of Light on that Side which 
Wis from the Sun, and is ſaid to be Gibbous. 
When it comes to an Oppolition with reſpect 
Wto the Sun, it then turns the ſame Side di— 
W reQly towards the Earth that is towards the Sun, 
at which time it appears to us wholly enlight— 
Nene, and is therefore called the full Alon, 
W And as it 1 rang the other Part of its Re- 


Volution, it aſſumes firſt a gibs, then an 
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Lalved, 1 an horned Face; and when 
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3 it arri\ es at its Conjunction with the Sun, it 
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diſappears for a while, the obſcure Part on 
being turned towards us, as before. 
When the Moon is horned, the darker He. 
miſphere, or that which is turned from th; 
Sun, has a faint Light diffuſed over it, ſuff. 
cient to render it viſible. This Light is OWiny 
to a Reflection of the Sun's Rays from the 
Surface of the Earth to that Part of the Moan, 
For as the Moon when at the Full, by mean 
of its enlightened Hemiſphere which is then 
turned towards the dark Side of the Earth, 
ſhines upon it, and affords a certain Degree 
of Light; ſo the Earth, when the Moon is 
at the New, has its enlightened Hemiſphere 
(or that Side where it is Day) turned to- 
wards the obſcure Hemiſphere of the Moon, 
and enlightens that, but in a much greater 
Degree than the unilluminated Hemiſphere 
the Earth (or that Side where it is Night) 
is enlightened by the. ful! Moon; the Earti 
being conſiderably larger than the Moon. 80 
that as that Body is a Moon to us, our Earth 
is a much larger and more luminous one 
to that. 
The Time in which the Moon perform 
one entire Revolution about the Earth from 
any Point of the Zodiac to the ſame again, Þ 
called a Periodical Month. This Month con- 
fiſts of 27 Days, 7 Hours, and 43 Minutes 
But the Synodical Month, which is the Time 
the Moon takes up in paſſing from one Co- 
. 4 | junction 
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Chap. VIII. of the Moon. 75 
W:unction with the Sun to another, is larger 
N than this by about two Days and 5 Hours. 
rde Reaſon of this is, that while the Moon 
3 is paſſing from one Conjunction to another, 
the Sun by means of the Earth's Motion in 
: its Orbit, is in appearance advanced towards 
G t!.c Faſt ; ſo that wien the Moon comes round 
E to that Part of the Heavens where the Sun 
was at the foregoing Conjunction, it is not 
then in Conjunction with it again, but has 
E {ach a Portion of the Heavens to deſcribe, as 
W takes up ſo much more time, as, being added to 
the Periodical Month, makes it up 29 Days, 
12 Hours, 44 Minutes, and 3 Seconds; which 
is the Synedical. But perhaps the 14th Figure 


may make this clearer: In which let S re- 
preſent the Sun, E the Earth moving in its 


denote the Orbit of the Moon, and M its 
Place therein when in Conjunction with the 
Sun. Now while the Moon deſcribes its Or- 
bit MNO, let it be ſuppoſed that the Earth 
| advances in its Orbit from E to e, in which 
Cate the Moon's Orbit will be found at n, 
| and the Point M will be at ein the Line 
ed, if we ſuppole it parallel to ES. And there- 
Gre when the Moon comes to m, it will 
nave performed an entire Revolution about its 
Orbit; but will not be in Conjunction with 
ö the Sun, but has ſtill the Arch wp to deſcribe 
| before 


Orbit AB from A towards B, and let MNO 
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before it reaches that Point of the Heng 


in which the Sun will then appear to be, 
The Plane of the Moon's Orbit is not con. 


cident with that of the Earth, but makes wit A 
it an Angle of about 5 Degrees, cutting it n ih. 
two Points oppoſite to each other, after th: n! 
ſame Manner as the Equator and the Ec Wie: 
tic were obſerved to cut each other; fo that the Mc | 
Moon does not ſeem to deſcribe the Eclipte 1 
in moving round its Orbit, but one half of ure 
the Way it declines towards the Norib, the h. 
other half towards the Szuth. The two Point Wins 
where the Moon's Orbit paſſes through the io 
Plane of the Ecliptic, are called the Nd; WW * 
and a right Line drawn from one of thei: ſhe 
Points to the other, will paſs through the Cen. iat 
ter of the Earth, (that being in the Plane of but 
the Moon's Orbit as well as in that of its own) Hane 
and is called the Line of the Nodes. Thi oi 
Node through which the Moon paſſes from the 
the South Side the Ecliptic to the Northen WW 
is called the Aſcending Node ; the other tir ch 
which it paſſes from the Nerth to the St) WW Su 
Side is called the D-ſcending Node (a). Et 
The Extremities of the Line of Nodes ar: las 
not always directed towards the ſame Points Wi 
of the Ecliptic, but continually ſhift their ad 
Places from Eaſt to Weſt, or contrary to the un. 
a) Aftronomers often expreſs the former of theſe Nodes of o 


Link 8, f , the latte 
this Nlark Q, which they call the Dragon's Head; the Latter 
by F, which they call the Dragon's 44. Ore 

CHA 
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aer of the Signs; performing an entire Re- 
lution about the Earth in the Space of ſome- 
Ping leſs than 19 Years. 
W A; was obſerved of the primary Planets, 
| 4 e Moon alſo moves not in a Circle, but in 
EV, one of whoſe Fyci is in the Cen- 
er of the Earth. And the Linea Apſidum 
Peit eis not carried along with the Earth in 
W Direction parallel to itſelf, but continually 
urns round the Center of the Earth thro' 
Which it paſſes from Welt to Eaſt, or accord- 
Wins to the Order of the Signs, in the Space of 
Hout 9 Years. 
| The Moon being ſubje& to the Influence of 
We Sun as well as the Earth, it is not only 
Wi. to various Irregularities in its Motion, 
tut its Orbit is wont to put on different Forms 
Wand Motions, all which depend on its Situation 
I with reſpect to thoſe two Bodies. They are 
Wtheſe that follow. 
I. The nearer the Moon is to its Syzygres, 
W (that is, its Conjunction or Oppoſition with the 
or) the greater is its Velocity; and the nearer 
Wit is to the Quadratures (that is, the firſt and 
Eli Quarter) the flower it moves (5). 
II. It does not deſcribe Areas proportion- 
able to the Times, except in the Quadra- 
F tures and Conjunctions. 


* — eee _ 
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- (8) This Irregularity was obſerved by Tycho Brabe, who 
g's it the Name of the Moon's Jae. 


III. 


3 
— 
— 


— 


— 


3 —— — 
3 
Fo - 22 — * 

o 2 
1 ” * o 


j 
j 


1 
— — * rr — - A — 
4.44 2. 4 _ 2 : 


78 Of the Phænomena Part jj 


III. Its Orbit is ſomewhat more curved 
the Quadratures, than it would be if the Me 
were only influenced by the Earth; and tt: 
curved in the Syzygies, the Moon running oi 
farther from the Earth in the Quadratures t 
in the Syzygies. 5 

IV. When the Earth is in its Perihelin, Wi 
(that is, in that Part of its Orbit which Hor. 
neareſt the Sun) the Periodical Time of M ss. 
Moon is greater than when it is in its Aphelin, Wi 
or fartheſt from the Sun: So that the Lum 
Months of one Part of the Year excced th the 
of another, 1 

V. The Linea Ap/idum of the Moon's 0. 
bit goes forwards when the Moon is in the 
Sy ZYgics, and backwards when in the Quadt 
tures ; but it goes farther forwards than tack 
wards every Time, fo that at length it reyolve 
quite round, as obſerved above. 

VI. The Excentricity of the Moon's Orbit 
is greater and leſs in every Revolution of the 
Moon; it is greateſt when the Moon is in the 
Syzygies, and leaſt when it is in the Qui 
dratures : And conſequently while it palis 
from the Qujdratures to the Syzygies, | 
is increaſing; and while it paſſes from tit 
Syzygies to the Quadratures it is diminiſhing 
And if we compare ſeveral Revolutions of tit 
Moon together, its Orbit is the moſt Excet- 
trical when the Situation of it is ſuch, that 
the Linea Apſidum is in the Syzygies, and [al 

4 when 
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A hen in the Quadratures. So that when both 
Je Moon and the Linea Apſidum of its Or- 
rare in the Syzygies, its Excentricity ſhall be 

alf as great again, as when they both happen 
uo be in the Quadratures. 

W 111. The Line of the Nodes does not move 
uniformly backwards, that is, contrary to the 
Norder of the Signs; but when it is in the 
Ws77ygics it ſtands ſtill, and moves the faſteſt 
Pot all when in the Quadratures. 

W VIII. The Inclination of the Lunar Orbit to 
the Ecliptic (c) is alſo liable to Change; it is 
E occateſt when the Nodes are in the Syzygies, 
and leaſt when they are in the Quadratures. 
| All theſe Irregularities are greater when the 
Earth is in its Perihelion, than when it is in its 
Aphelion; and alfo greater when the Moon 
is in Conjunction with the Sun than in Op- 
poſition, | — 
There is another Particular in the Moon's 
Motion, which is by ſome reckoned among 
its Irregularities; which is, that it moves 
taſter in its Perigeon, than in its Apogeon; 
but this 1s not owing to any Perturbation in its 
Motion ariſing from the Influence of the Sun; 


1 
1 


(c) Some Aſtronomers meaſure the Inclination of the Moon's 
Orot to the Eeliptic, not from the Ecliptic, but from a Per- 
pendicular to that, and fo call its Inclination 85 Degrees inſtead 
of 5. And ſo of the Inclination of the Equitor to the Eclip- 
lic ; reckoning that 66 Degrees and an half, and not 23 and an 
half, as is the moſt uſual Way. 
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but is common to all the Planets, and is oc. 
ſion'd only by its deſcribing equal Ares z 
equal Times in an elliptical Orbit, as the othe 
Planets do. 

All theſe Irregularities obſervable in th 
Motion of the Moon naturally flow from the 
Suppolition, that the Earth and the Moy 
are retained in their Orbits by Gravity, in 
the Manner laid down and explained in the 
Introduction to this Part, as will appear whe 
we have conſidered the Phyſical Cauſes of the 
Motion of the heavenly Bodies. 

The only uniform Motion the Moon 
has, is its Rotation about its Axis, which it 
performs the ſame Way, and in the ſame 
Time, that it does its Revolution about the 
Earth. The Conſequence of this would be, 
that if its Revolution in its Orbit were per- 
formed with an uniform Celerity, and that 
Orbit were a Circle having the Earth in ut 
Center, and alſo if the Axis of the Moon 
were perpendicular to the Plane of that O. 


m 
bit, the Moon would in all Poſitions turn er to 
actly the ſame Side towards the Earth. Tis WW th 
is ſo obvious as to need no Illuſtration, Bu th 
fince its Motion in its Orbit is not uniform, ch 
nor its Orbit a Circle, neither its Axis pr Nit 
pendicular to the Plane thereof, the Moon BW ac 
does not keep the fame Face exactly towac WW as 
us, but turns it a little, firſt one Way, then 0 
another; appearing thereby ſubject to a two 


foid 


f 
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K-14 Libration, viz. from Eaſt to Weſt, and 
om North to South: To the one of which 
Ec two firſt Cauſes abovementioned concur ; 
the other is owing to the third. And firſt 
140 illuſtrate that Libration which is from 
paſt to Weſt. Let the Elliptical Orbit BBB 
(Fig. 15.) repreſent that of the Moon, let E 
de the Place of the Earth, and let the Circle 
ABCD repreſent the Moon in its Apogeon 
at A; and for the preſent, let us ſuppoſe 
the Axis of the Moon perpendicular to its 
Norbit. Then becauſe its Motion about its 
Axis is uniform, and its Motion from its 
Apogeon the ſloweſt of all; it is evident, that 
at the Time when it has revolved a quarter 
Jof the Way round its Axis, and obtained, 
E ſuppoſe the Situation FBC, it will not have 
advanced a quarter Part of the Way through 
its Orbit; and therefore the Face BCD, which 
vas turned towards the Earth at firſt, cannot 
now be turned to I the Center of the Ellipſe, 
much leſs to E the Place of the Earth, but 
to ſome other Place, as K, on the other Side 
the Center: But when it has advanced to G, 
the ſame Face BCD will be turned towards E, 


it has advanced half through its Orbit, it has 
advanced half round its own Axis. Again, 
as it moves quicker in that Part of its 
Orbit, that's near its Apogeon, it will have 
| proceeded above a quarter Part of the Way 
3 through 


| that was when the Moon was at A; becauſe as 
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through its Orbit, and ſo will have got in 
the Situation HBCD ſuppoſe, when it h 
turned a quarter round its Axis; and thy 
Part of the Moon which was viſible Whet 
the Moon was at A, will be turned townf 
K, as it was when the Moon was a f. 
And it is obſervable from the Figure, th Wi 
the Face BCD, which was turned direct 
towards the Earth at E, when the Mon 
was either at A or G, is, when the Moon; 
at F, turned to the Right, or towards the 
Weſt, with reſpect to a Spectator viewig Wi 
it from E; but to the Let, or toward: M | 
Eaſt, when the Moon is at H. And this; 
the firſt kind of Libration which was to be 
explained. As to that which is from North 
to South, it may be thus illuſtrated. Let Hl 
(Fig. 16.) repreſent the Plane of the Moon) 
Orbit, being ſuppoſed to be ſeen edgewas; 
let E be the Place of the Earth, and let the 
Circle AMBm: repreſent the Moon, the Line 
AB being its Axis, and Mm one of tht 
Parallels of its Equator ; ; and when the Moon 
is at H, let the Point M be that which b 
turned directly towards the Earth. Now when 
the Moon has revolved half round its A 
which will be when it has got to I the op 
poſite Point of its Orbit, the Point M wil 
be found at n; but becauſe of the Paal. 
leliſm of its Avis, not this, but ſome othe! 


Point, as N, is that which is turned direct 
towards 
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F: wards the Farth at E; fo that to a Spectator 
at E, the viable Part of the Moon librates 
rom North to South, and returns to its Place 
Jonce in each Revolution, one of the Poles 
Las A being only viſible, when the Moon is in 
one Part of its Orbit, ſuppoſe at I, and the 
pole B only when it is at H; becauſe the 


lr A Circle repreſented by the pricked Linz CD 
uterminates the View of a Spectator at E, in 
eicher Situation of the Moon (g). 

be As to the Surface of the Moon, whoever 


Ny eus it with a good Teleſcope, will perceive 
e WW ſome Parts of it ſhining very bright, while 


Wothers are as dark and obſcure. The brighter 


* 


b Patts are thought by ſome to be Land, 
'1 

11 WE /a) It may be worth confidering here, what kind of Mo- 
', tion the Earth ſeems to have to the Inhabitants of the Moon, 
15 Wit any ſuch there be. And fiſt, we will ſuppoſe that the 
3; hemiſphere, the Moon turns towards us, is always exactly the 


* 


me. In this Caſe it is evident, that to ſuch as live in the 
Middle of that Hemiſphere, the Earth muſt always ſeem to 
be direclly over their Heads; becauſe a Line drawn from the 
Center of the Moon through the Place where they are, would 
pass through the Earth: And to ſuch as live at the Extremity 
Wo! that Hemiſphete, the Earth mult always appear in their 
Horizon. But fince the Moon, as ſeen from the Earth, has 
dkeſe libratory Motions abovemention'd, it is impoſſible that 
dhe Earth ſhould always appear directly Vertice! to the one, 
Wor in the Horizon of the other; but mult ſeem always nearly 


0- the ſame Degree of Elevation; continually ſhifting its Si- 
ill uation from Eaſt towards the Weſt, and from Welt towards 

the Eaſt, and at the ſame time from North towards the South, 
. end from South towards the North, according as the Libra- 


Neon of the Moon, as ſeen from the Earth, is made in chat 


me. 
F the 
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the other Water; becauſe leſs Light i; n 


flected from Water than from Land, } 


Keil is of Opinion, that ſome of thoſe dung 


Places may be occaſioned by the Shadows { 
higher Places falling upon them, and othy 
may conſiſt of a Soil of a darker Coloy 
that reflects leſs Light than the reſt (4), Hon 
ever this be, it is moſt certain, that ther 


are Mountains in the Moon, and thoſe wlll 


high ones. For when the Moon is viene 
through a Teleſcope, the Line which fer 
rates the illuminated Hemiſphere from th 
dark one does not appear ftrait when th 
Moon is halved, or uniformly bent whe! 


is horned or gibbous, as when we view i 


with the naked Eye; but ſeems jag 
broken, and uneven; which evidently (im 
that its Surface is ſo too: For if its Surki 
were ſmooth and even, no Reaſon could > 
given why the Light of the Sun ſhould 
reach as far in one Place as another, bt 
the Boundary of Light and Darkneſs in ti 


Moon is not only thus jagged and uneven, & 


ſome Parts. even within the darkened He 
ſphere, that lie near the Edge of it, are «nt 


lightened by the Rays of the Sun long bels 
ſuch as lie nearer the illuminated Hemiſpit, 
and continue ſo till after the Parts about tit 


are in the Dark. Theſe therefore can be 


{b) See his Aſtronomy, Lect. X. 
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cher than the Tops of high Mountains, on 
HS. hich the Sun ſhines as it does on thoſe on 
Sth, both before and after it is viſible in 
Sc Vallies below. The perpendicular Height 
8 - . very remarkable Mountain in the Moon, 
ned St. Katharine (c), his been found by 
Nlenſuration to be nine Miles, which is three 
Wi imes that of the higheſt Mountain we have 
* pon the Earth (4). 


all 
1 {c) See the Names Aſtronomers have diſtingniſhed the Parts 
pe che Moon by, in a Figure annexed to the Lecture referred to 


1 n the foregoing Note. 1 SE 
8 /d) The Method of meaſuring the Height of a Mountain in 
e Moon is this: Let ABDE (Fig. 17.) repreſent the Moon, 
is Center, SA a Ray of Light from the Sn, ABD the il'a- 
Wninated Hemiſphere, AED the dark one, F the Top of a 
ountain beginning to be illuminated. Then with a Teleſcope 
Wn which there is a Micrometer fixed, let the proportional 
W enoths of the Lines FA and AD be taken, Then becanſe the 
Neal Length of the latter, which is the Diameter of the Moon, 
Ws known, the true Length of the former will alſo be had, 
ice then the Line SAF is a Tangent to the Moon, the Tri- 
ge FAC will be a right-angled one, and FC will be its Hy. 
othenuſe, whoſe Square being equal to the Squares of the 
rer two Sides, it may from thence be alſo known. Now if 
om this we ſubſtract the Semidiameter of the Moon, the Re- 
Wander is the perpendicular Height of the Mountaih. 
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CHAP: IX. a0 
Of the Eclipſes of the Sun bi 
and the Moon. w. 


N Eclipſe is a Deficiency of Light 
| ſome of the heavenly Bodies, occz. 
oned by the Interpoſition of ſome other he 
tween that and the Sun. Thus when the Mon 
paſſes through the Shadow of the Earth, f 
being by that means deprived of the Sun 
Light, loſes its Brightneſs, and is then faid i 
ſuffer an Eclipſe. So when the Moon i in 
terpoſed between the Sun and the Earth, th 
Sun being in Appearance deprived of its Light 
is ſaid to be eclipſed ; though it is the Ear 
which is properly ſo, that, and not the dun 
being the Body where the Light is wanting, 

One primary Planet is never eclipſed by 
the Interpoſition of another; becauſe the 
are ſo ſmall with reſpect to the Magnituc 
of the Sun, that the Shadow of any one | 
them ends in a Point before it reaches tit 
Body of another. Thus when the Earth 
interpoſed between Mars and the Sun, | 


. 0 th 
Shadow vaniſhes before it reaches to Mar. 8 
And even when the Moon is interpoſed be i 
tween the Sun and the Earth, if the Earth * , 


in its Peribelion, and the Moon in its Aprgi" 
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Lat that Time, the Shadow of the Moon will 
not reach the Earth, and ſo the Moon will 
not ſeem to cover the whole Body of the Sun, 
but appear as a large dark Spot, ſurrounded 
with a Circle of Light proceeding from the 
Limb or Edge of the Sun, | 


- 


From what has been obſerved it appears, 


chat there can be no Eclipſe of the Moon, 
but when the Earth is interpoſed between it 
and the Sun, that is, at the Time of its Op- 
poſition, or when it is Full; nor any of the 
Sun, except when the Moon is between the 
Earth and the Sun, that is, at the Time of 
its Conjunction with the Sun, or when it is 
N. And the Reaſon why theſe Eclipſes do 
not happen at every New and Full Moon, 
W is, becauſe, as was obſerved above, the Plane 
of the Moon's Orbit is inclined to that of 
the Earth's, ſo that the Moon is ſometimes 
above the Ecliptic, and ſometimes below it, 
W at the Time of its Conjunction with, or Op- 
poſition to the Sun, in which Caſe the Sha- 
dow of the one paſſes above or below the 
other (a), 


) It is not requiſite to conſtitute an Oppoſition or Con- 
Junction of a Planet with the Sun, that it be in a right Line 
dat paſſes through the Sun and the Earth; it may be in 
a Degree of Latitude it is capable of, and is nevertheleſs 
aid by Aſtronomers to be in Conjunction or Oppoſition with 
ede Sun, provided it be in the ſame Part of the Zodiac, that 
if it have the ſame Degree of Longitude therewith. 
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The only Time therefore in which Ech. 
ſes either of the Sun or Moon can hapye 
muſt be when the Nodes are in or near th: 
Syzygies, that 18, when the Line of the Noch 
5 towards the Sun. Now if the Line of th 

odes always pointed towards the ſame Point 
of the Heavens, or remained parallel to itſelf 


then the Sun appearing by means of the Earth; 
Motion to run through the Ecliptic once x 
Year, it is obvious that one Extremity of this WW. 
Line would point towards the Sun each half 8 
Year : But ſince this Line has a flow Motion * 
contrary to that of the Sun, by which it te. 7 
. volyes round in nineteen Years, as obſerved . 
above, it meets the Sun with one or the oth WK 7 
Extremity before it has got quite half round, Fl 


and ſo points towards it twice in ſomewhat 
leſs than halt a Year: So that it ſometime 
happens that it points towards the Sun three 
times within the Space of a Year, which 15% 
oft as poſſible. And it frequently happens, that 
the Sun being in its Approach towards one 
of the Nodes at the Time of the New « 
Full Moon, and near enough to occaſion at 
Eclipſe then, the Moon ſhall get about to the 
other Node, before the Sun be too far te. 
moved ſrom the former, and ſo there will be 
another Eclipſe then. Upon which account 
it is poſſible there may be two Eclipſes, while 
the Sun is paſſing by either Extremity of the 
Line of the Nodes; the one of which (i i 


* 
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Te at the New Moon) will be an Eclipſe of 
Ec Sun, and the other will happen at the 
ext Full Moon, and will therefore be an 
Eclipſe of the Moon; or if the firſt be at the 
Poll, the other will be at the New. But if the 
Moon be within a Day or two of paſſing thro? 
one of its Nodes at the Time of its Con- 
Wunction, it will paſs by the other without 


' WE fccing an Eclipſe hte, 
«i : When it happens that the Moon is in one of 
1 its Nodes at the Time of its Oppoſition to the 
q Sun, then is it ſaid to be centrally eclipſed, 
„is Center being then in a right Line with 
4 Whoſe of the Sun and Earth. In this Caſe it 


Wis alſo zotally eclipſed, every Part of it be- 
Wing hid from the Sun's Rays. But the Sha- 
dow where the Moon paſſes through, is about 
W three times as broad as the Face of the Moon, 
ſo that it may ſuffer a total Eclipſe, though 
it be at ſome Diſtance from the Node at 
the Time of its Oppoſition ; An Eclipſe 
therefore may be total, when it is not a 
Yn One ; but an Eclipſe of this Kind 
vuill be of ſhorter Duration than the former. 
I E Farther, if it be ſo far removed from the Node, 
that a Part of its Diſk only falls into the Sha» 
dow of the Earth, it is ſaid to be a par- 
al Eclipſe, and is of ſhorter Duration than 
| the former. If the Moon be above 13 De- 
gtees from the Node, there is no Eclipſe. 
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The Duration of a central Eclipſe of i, WM 
Moon is about 4 Hours; the firſt of whis ett 
is taken up in entring the Shadow, ty, Ra 
more it continues quite immerſed there on 
and the fourth is ſpent in getting out. bet 

What is here ſaid, may be illuſtrated p? 
the following Manner. Let AB (Fig. 18) 
repreſent a ſmall Portion of the Plane of th 
Earth's Orbit ſeen edgeways, CD a Part of the 
Moon's Orbit, and let the Point where theſ 
Lines croſs each other be one cf the Note, 
and E, E, Sc. the Shadow of the Earth pil. 
fing along the Ecliptic. If the Moon fall 
into the Shadow at N, it is both a total and 
central Eclipſe; if at O, it is total, but 
not central; if at P, the Eclipſe is onh 
partial. And it the Moon is at Q at the 
Time of its Oppoſition, it then paſſes by tl: 
Shadow without being eclipſed at all (6). 

As all opake Bodies when illuminated by 


the Rays of the Sun caſt a Shadow from them, r 
ſo they have alſo a Penumbra, which is an | al 
imperſect kind of a Shadow every where ſu- Wi th 
rounding the former, and growing larger and i p 

(5), We have hitherto ſuppoſed that the Shadow of the Fim tl 
reaches the Moon, as it would do, were it not for the Atmo- | E. 
ſphere of the Earth, which by refracting the Sun's Rays as the] IF 
pa's through it towards the Exrth, throws them into its Su. 
dow ; which reſracted Rays falling upon the Moon render ! as 
viſible to us, altho” placed within the Limits of the Shadow, I 
and is the Occaſion of that reddiſh Colour, with which the 4 


Moon appears at that Time. 


+ 


Jarge!, 
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U 
6 larger, as We recede from the Body. As the 
ther is owing to a total Interception of the 


Rays of Light, this is occaſioned by a partial 
one. The 19th Figure will explain this 
better. | 

I Let ABCL repreſent the Body of the Sun, 
kl the Earth, and MN the Moon; and let the 
Lines AM, BM, Sc. be drawn as in the Figure; 
then will the Space MNFG, within which 
W nonc of the Rays can come, be the Shadow 
thereof. But it is evident that beſides this there 
are other Spaces, viz. MDE and MEF, &c. 
q within which but Part of the Sun's Rays can 
come; and the nearer thoſe Spaces are to the 
Shadow, the leſs Light they are capable of 
receiving. The Light which falls within theſe 
Spaces is called the Penumbra. 

This being premiſed, we may procced ta 
$ conſider the different Kinds of Solar Eclipſes. 
The Moon being ſmaller than the Earth, 
and having a conical Shadow, as being 
F allo leſs than the Sun, a very ſmall Part of 
the Surface of the Earth can be covered ty 
the Shadow of the Moon at the fame Time, 
though, as obſerved above, the whole Body of 
the Moon may be involved in that of the 
Earth; ſo that an Eclipſe of the Sun is viſible 
but to a few Inhabitants of the Earth, wi ere— 
as one of the Moon may be ſeen by all that 
live on that Hemiſphere of the Earth that is 
turned towards it, 5 


In 
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In order to conſtitute a central Eclipſe d 
the Sun, it is not neceſſary that the Moon 
ſhould be exactly in the Line of the Nags 
at the Time of its Conjunction; for it is ſuff. 
cient to denominate an Eclipſe of the Sun 
central, that the Center of the Moon be 
directly between the Center of the Sun and 
the Eye of the Spectator : For to him the Sun 
is then centrally eclipſed. But ſince the Sha. 
dow of the Moon can cover but a ſmall Por. 
tion of the Earth, it is obvious this may hap- 
pen when the Moon is not in one of her 
Nodes. And not only this, but the Sun may 
be eclipſed centrally, totally, partially, and mt 
at all, at the ſame time. For inſtance, when 
tie Moon is interpoſed between the Sun and 
the Earth, to thoſe who live where the Cen— 
ter of the Shadow paſſes (as in the Middle 
between F and G in the laſt Figure) 
the Sun will be centrally eclipſed ; to thoſe 
who live within the Shadow, but not in 
the Center (ſuppoſe nearer to F than to G 
totally; to thoſe who live in the Penumbra, 3s 
between F and D, or G and I, partially, and 
that more or leſs as they live nearer or farther 
from the Shadow; to thoſe who live with- 
out the Penumbra, as between D and K, 
rot at all, 

But as the Shadow paſles along the Sur- 


face of the Earth, different Inhabitants, 2 
thoſe 
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thoſe very diſtant ones, will fee the ſame Kind 
and Degree of Eclipſe, though not at the ſame 


Hour (c). 


{c) For the Method of prędicting Eclipſes, ſee EeiP; Aſtronomy, 
Lea. XIV. Or Whifton's Aſtronomical Lectures, Left. XII. 
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CHAP, X. 


F the Phænomena of zhe Satellites 


of Jupiter and Saturn, their Eclip- 
les and Occultations: And alſo of 
Saturn's Ring. ; 


THE Satellites of Jupiter and Saturn 
are ſubject to the ſame kind of Mo- 
tion with the Moon, except that their Or- 
bits, as far as can be collected from the Ob- 
ſervations of Aſtronomers, are circular, or 
very nearly ſo; and thereſore, if we ſuppoſe 
them to be ſeen from their Primary ones, 
they will exhibit nearly the ſame Phænomena. 
All the Satellites of Saturn revolve about 
it in almoſt the ſame Plane, viz. that of 
its Ring; excepting the fifth, the Plane of 
whoſe Orbit deviates a little therefrom. Thoſe 
af Jupiter move alſo in a Plane that is pro- 
per to themſelves, and nearly caincident with 


that 
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that in which Jupiter itſelf moves about the 
Sun. 

Theſe Planets, viz. the Secondaries hey 
of Jupiter and Saturn, when viewed fron 
the Earth, appear to have their Progreflions 
their Stations, and Retrogradations indepen. 
dent of thoſe of their Primaries ; that 5 
when a Primary 1s progreſfive, its Secondary 
may be regreſſive, or otherwiſe ; and wt 
verſa. For inſtance, when a Secondary is be. 
yond its Primary, that is, in its ſuperior Con- 
junction with reſpect to the Earth, it ſeems 
to move according to the Order of the Signs; 
but when it is in its inferior one, it ſeems 
to move the contrary Way; and when it 
progreſſive Motion is changing into a regreſſive 
one, the Planet appears ſtationary. 

To illuſtrate this; let 8 (Fig. 20.) repte- 
lent the Sun, I the Planet Jupiter or Su- 
turn, BCG the Orbit of one of its Satellites, 
and let EPF be the Orbit of the Earth. While 
the Satellite paſſes through OHB, the ſupe- 
rior Part of its Orbit, it will appear from the 
Earth to move the fame Way with its Pri- 
mary; but while it moves through the te- 
maining Portion BLO, it will ſeem to g0 
the contrary Way; as is evident if we con- 
fider that its Motion in its Orbit is quick! 
than that of its Primary. 

Theſe Satellites and their Primary ones mu- 


tually eclipſe each other in the ſame * 
l ner 
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der in which it has been ſhewn that the 
Earth and the Moon do. But there are three 
different Caſes in which the Secondaries diſ- 
appear to us. The One is, when a Secondary 
is directly behind the Body of its Primary 
with reſpect to the Earth; this is called an 
Occultation of the Planet: Another is, when 
it is directly behind its Primary with reſpect 
to the Sun, and ſo falls into its Shadow, and 
ſuffers an Eclipſe, as the Moon, when the 
Eatth is interpoſed between that and the Sun: 
The laſt is, when it is interpoſed between 
the Earth and its Primary; for then it can- 
not be diſtinguiſhed from the Primary itſelf. 
All which may be illuſtrated in the following 
Manner. | 
| While the Planet deſcribes OHB, the ſupe- 
rior Part of its Orbit, it is capable of diſap- 
pearing twice; once when its Primary is in- 
terpoſed between it and the Earth, as when 
it is at G or K, or ſome intermediate Point, 
according as the Earth is ſituated at that 
Time; and alſo at H, where it is involved 
in the Shadow of its Primary. When the 
Earth is between F and Q, or F and P, 
that is, when the Sun is to the Eaſtward of 
ſupiter, the Eclipſe of the Secondary happens 
r fff, vig. when it paſſes through the Shadow 

at H; and the Occultation afterwards, when 
he Planct lies hid at K. When the Earth 
-s between E and Q or E and P, the Occul- 
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96 Of the Phænomena Part]. 
tation is firſt, and the Eclipſe afterwards, WM 
it paſſes through the inferior Part of its (0, 
bit, it diſappears alſo, according to the Situs 
tion of the Earth, either at Dor C; or whe 
it is between thoſe Points, being directly hy, 
tween the Earth and its Primary, and ther. 
fore not diſtinguiſhable from the latter. W bur 
the Satellite is at L in Conjunction with Meer 
Sun, its Shadow falls upon its Primary, a ; 
eclipſes a Part of its Diſk, in like man ef 


as the Moon, in the like Situation with ri op 
ſpect to the Earth, eclipſes a Part of that (a. WT: 
Mm 

Fat 


a) From the Occultations and Eclipſes of the Satellites f 
Jupiter, three notable Problems are determined; wiz. 1. The 
_ Parallax of the Orbit of the Earth in that Planet, and thereh 
{as we obſerved Chap. VII. in the Notes) its Diſtance from tle 
Sun. 2. The ſucceſſive Propagation of Light; and 3. Tit 
Longi:ude of Places upon the Earth. | . 
* 1. The Method of finding the Parallax of the Orbit of e wn. 
Earth, is this: Let the Interval of Time which lapſes beten Lat. 
the Middle of an Occultation of one of the Secondaries, te 
pole at G, and the Middle of its Eclipſe afterwards at H pi. 
which is the Time the Planet deſcribes the Arch GH in, ot 
obſerved, The Time then of its whole Revolution being kn051, be 
that Arch itſelf may be had, which is the Meaſure of tu We |. 
Angle GIH, or. its Equal EIS, which is the Parallax of ts We . 
Orbit of the Earth in that Planet. | ben 
2. If Light were inflantaneous, a Spectator at P wou in 
ſee on Eclipſe of one of the Secondaries of Jupiter, at it 
ſame Time that he would do if on the contrary Side the wt olf 
at Q. But it appears from Obſervations, that when the E ber. 
is at Q, thoſe Eclipſes happen ſooner, and that when it © nn * 
P they happen later, than they ought to do by Computati Be Ee 
Which ſhews that Light takes up ſome time in paſſing fro BR s:: 
Q to P. From Obſervations of this kind it has been an 
puted by Remer, that Light is cleven Minutes in paſſing fem 
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'F As to the Phenomena of Saturn's Ring, it 
obſervable, 1. That its Inclination to the 
ane of the Ecliptic is about 31 Degrees: 
. That the Thickneſs of it is inſenſible; and 


Tine Sun to us; Which is upwards of 81 Millions of Miles: 
bat tit has fince been found by the more accurate Obſerva- 
tons of others, that it paſſes over that Space in about 7 
Minutes. 

4 W rte Longitude of a Place is its Diſtance Eaſt or Weſt 
or lome other Place; and as Places lie more or leſs Eaſt or 
Via one of another, the Hour of the Day in one is more 
or less different from the Hour of the Day in the other. 
hat is, as Places differ in point of Longitude, fo they do 
W p:0por::onably, in their Reckoning of Time. For inſtance, if 
a Place lies = Degrees to the Eaſtward of another, it 
WE i; one Hour paſt Mic-day there, when it is but Mid-day at 
e other: The Reaſon is, becuuſe the Sun is an Hour in 
3 poſing over each fifteen Degrees of its daily Courſe, In like 
Ws Manner, if a Place lies ſo many Degrees to the Weſtward 
of erother, the Sun comes an Hour later to that Place than 
WE to the other; fo that it is but Eleven of the Clock there, when 
WT it is Twelve at the other. And fo proportionably for any 
other Diſtance. If therefore at two Places it be obierved at 
hat Hour the beginning of an Eclipſe of one of F-piter's 
Lstellites happens at each of them, and if that Hour be not 
WE the ſame in both, the Difference will ſhew how far thoſe 
Wy Fiices lie Eaſt or Welt of one another. Or if, inſtead 
of the Obſervation at one of the Places, an Almanack 
be made uſe of, that ſhews the Time when the Eclipſe will 
uppen at that Place, and at that Time be compared with the 
me of its happening obſerved at the other Place, the Dif- 
ſerences between thoſe Times, if there be any, will ſuew the 
E {ime. | 

This Method very rarely ſucceeds at Sea, becauſe the Toſſing 
of the Ship is inconſiſtent with the Accuracy required in Ob- 
| lervations of this kind. | 

The like may be done by obſerving the Time when an 
| Eclipſe of the Moon happens, or when 1t comes to a fixed 


* = theſe are Phenomena that are much leſs frequent than 
die ot FE. 
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98 Of the Comets. Part jy 
therefore when it is ſo ſituated, that the Pty, 
of it, if produced, would paſs through tt 
Earth, it becomes inviſible; Neither i; ; 
to be ſeen when the Plane of it paſſes h. 
tween the Sun and the Earth; for then th 
Sun ſhines upon that Side of it which is tum. 
ed from us; in which Caſe, the dark Sig 
being next the Earth, it is not perceptible u 
us. But in this Cafe a black Liſt or Circ; 
appears to encompaſs the Planet, which in al 
Probability is no other than the Shadoy 
of the Ring thereon. The Extremities of the 
Ring which appear on either Side the Plane 
are by ſome called its Anſe, 
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Of the Comets. 


HE Comets are opake, ſpherical, and (6 

lid Bodies like the Planets ; and li 
them perform their Revolutions about tht 
Sun in elliptical Orbits, which have the Wu 
in one of their Feci. The Particulars in which 
they differ {rom the Planets, are, that they mo 
in various Directions, ſome the ſame Wi 
with the Planets, others the contrary ; neithe 
are their Motions confined within the 20 


Aiac, their Orbits admitting of any Inclinz 
| | tion 
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tion to the Ecliptic whatever: And the Ex- 
Neentricity of their Orbits is ſo very great, that 
me of the Comets perform the greateſt 
Fart of their Motion almoſt in right Lines, 
tending in their Approach to the Sun almoſt 
directly towards it, after which they paſs by 
Bt; and when they leave it, march off again 
nearly in a right Line, till they are out of 
Fight, as if they were haſtening back to the 
Ried Stars; and return not till after a Period 
of many Years (a). 

| As the Comets approach the Sun, their Mo- 
tion grows proportionably ſwifter, for they de- 


Center, as the Planets do. Hence it is, that 
hen they are in their Peribelia, that is, at 
their leaſt Diſtance from the Sun, their Mo- 
on is immenſely twitter than when they are in 
Wheir Aphe/lia, or greateſt Diſtance from it. 
This is the Cauſe that they are viſible to us for 
Wo ſhort a time; and, when they diſappear, are 


o long before they come near enough to be 
een again (6), 


The 


0% See à Portion of the Orbit of à Comet deſcribed, Plate J. 
18. I. at Ad. 

+ Som the Oblervations of Aftrogomers, it ſeems probable, 
Nick f —K 3 appeared in the Year 1682 was the ſime 
13 zen betore in the Year 1607, and the Year 1531, 
C therefore may be expected again 1n the Year 1758, «fter 
Period of about 153 Vears. And that the great Comet 
dien appeared in the Year 1689 was the ſame that was fecn 
the Time of K. Henry I. in the Year 1106, and in 531, ard 
in 


ſcribe equal Areas in equal Times about its 
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The Ancients were divided in their Opinion 
concerning them, ſome conſidering them «x 
wandring Stars, others as Meteors kindled | 
the Atmoſphere of the Earth, ſubſiſting for; 
Time, and then diſſipated: Others looked up. 
on them as ominous Prodigies. But it is pu 
beyond all doubt by the more accurate Obſe. 
vations of the late Aſtronomers, that they ar 
a kind of Planets. That they are not Meteor, 
is obvious; for, if they were, they could n 
bear that vaſt Heat, which ſome of chem i 
their Peribelia receive from the Sun. The 
great Comet which appeared in the Year 16% 
was Within a fixth Part of the Sun's Diameter 
from its Surface, and therefore muſt acquir 
a Degree of Heat intenſe beyond all Imaz- 
nation (c). 

As 


in the forty-fourth Year before Chriſt, in which Ji Col 
was murdered. If ſo, then the Period of this Comet n 
about 575 Years. There are between 20 and zo that have 
appeared fince the Year 1337, but no two Appearances ſeen 
to belong to the ſame Comet, except thoſe abovementioned 
See Dr. Halley's Synopſis of the Aſtronomy of Comets, publiſh 
at the End of Gregory's Aſtronomy, in which there is a Tab 
expreſſing the Motions of all the Comets that have been Ik 
therto duly obſerved. The Comet of 1680 was in one Part 
of its Orbit within half the Sun's Breadth of the Way d 
the Earth, 

(e One Method by which Aftronomers inveſtigate the . 
parent Courſe of a Comet, is this: They obſerve what tue 
Stars are directly one on one Side of the Comet, and the ale 
on the other; which is done by holding up a Thread betved 
the Eye and the two Stars, and extending it in ſuch a mane, 


as that it ſhall ſeem to croſs each Star: Ihen they look I 
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As to thoſe Phenomena of them which 
Borike from the Motion of the Earth; they 
Legree in a great Meaſure with thoſe of the 
Planets. For inſtance, thoſe Comets which 
move according to the Order of the Signs, a 
little before they diſappear, become more than 
FE ordinarily e or retregrade, if the Earth at 
that time be between them and the Sun; but 
more than ordinarily ſwift, if the Earth be on 
the oppoſite Side: And the reverſe of this 
happens to thoſe which move contrary to the 
order of the Signs. This is occaſioned by 
the Motion of the Earth, as was obſerv- 
led of the ſuperior Planets: For when the 
Earth goes the ſame Way with a Comet, 
but with a ſwifter Motion, the Comet ſeems 
retrograde ; when with a flower Motion, the 
Comet's apparent Motion becomes flower ; and 
when the Earth moves the contrary way, it 
becomes ſwifter. 

Few of the Comets are to be ſeen in their 


have : k 
ken {Acceſs to the Sun, but in their Receſs ap- 
ear with long fiery Tails, pointing directly, 


or nearly ſo, towards that Part of the Hea- 


ther Stars in ſuch Situation alſo, that the Comet ſhall appear in 
Line that paſſes from one to the other; which are found as be- 
ore: then they extend a Thread upon the celeſtial Globe, from 
Pee of the two firſt Stars to the other; and another Thread 
prom one of tke two laſt Stars to the other: And the Point on 
be Globe where the Threads croſs is the apparent Place of the 
comet at the Time the Obſervation was made. This they do 
ih, and fo trace out its apparent Courſe in the Heavens. 


(C3 2 vens 
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vens which with reſpect to the Comet i; ; 
polite to the Sun. Some are, viſible heh 
they reach the Sun, and begin to put 4 
their Tails, which at firſt are ſhort and thi 
ſeldom exceeding fifteen or twenty Degree 
Length, but grow longer and denſer as tþ 
Comet comes nearer the Sun. If the Comm 
paſſes very near the Sun, it then ſends fork 
fiery Beams of Light every Way. Aﬀer thi 
it puts forth a Tail forty, fifty or ſixty Degree 
long, which, as the Comet recedes farther fon 
the Sun, continually diminiſhes both in Leng 
and Splendor ; but is larger and longer at ay 
Diſtance in its Receſs from the Sun, thanx 
an equal Diſtance in its Accels to it. 

This great Splendor and Length of the Tab 
Sir Iſaac Newton thinks ariſes from the Het 
which the Sun communicates to the Comet s 
it paſſes near it; and accounts for it after ti 
following Manner. As the Aſcent of tit 
Smoak in a Chimney is owing to the ln 
pulſe of the Air, with which it is entangid 
(for the Air about a Fire being rarefied by. tit 
Heat thereof, has its ſpecifick Gravity there 
rendered leſs than that of the more diſt 
Air: Upon this account it aſcends, and d- 
ries along with it the Smoak with which it 
engaged) in like manner he thinks the Ti 
of a Comet may riſe from the Atmolpts 
thereof into thoſe Parts which are oppoſite toll 


Sun, being carried up by the Æther —_ ; 
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| Comet, rarefied to a very great degree by the 
W71cat thereof. And thinks his Opinion greatly 
Conſirmed by the Appearance of the Tails; 
or when accurately obſerved, they are found 
F not to riſe always in a Direction preciſely oppo- 


ti: WE fite to the Sun, but to deviate or incline a lit- 
de from thence towards thoſe Parts which the 
comet has lately left ; and not only fo, but to 
i * bent into a certain Curvature, the Extremi. 
is of the Tails deviating from the true Op- 


= more in proportion than the other 
WParts; and to be more denſe ſeemingly, and 
Wb tter defined on the convex, than on the con- 
cave Side: And farther, that the longer the 
ail is, che more ſenſible is the Curvature, as 
being the greateſt at the greateſt Diſtance from 
e Body of the Comet. Upon theſe Ac— 
Counts he thinks it evident, that the Plæno- 


| — 2 R 8 


the | weng of the Tails of Comets depend on the 
th E Motion of their Heads, and that the Heads 
I. ernich the Matter which forms the Tails. 

gd BF or as in the Atmoſphere of the Earth, the 

te WW moak of a Body aſcends perpendicularly if 
ol Body be at reſt, and obliquely if the Body 
tut Wb: moved any otherways than directly upwards 


Wor downwards ; ſo in the Heavens, where all the 
adies gravitate towards the Sun; Smoak and 
Napour maſt aſcend from the Sun, and riſe 
erpendicularly, if the ſmoaking Body be at 
Welt ; and obliquely, if the Motion of the Body 
+ oblique to the Direction the Vapour aſcends 
G 3 with. 


_ - 
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throughout the heavenly Regions ſhould giv 
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with. And becauſe the Force by which th 
Vapour aſcends is ſtrongelt near the Body q 
the Comet, the Obliquity with which! 
aſcends will be the leaſt near the Body, af 
greater at greater Diſtances, and conſequent 
the Column of aſcending Vapour will be jp 
cur vated or bent towards thoſe Parts the 0. 
met leaves: And becauſe the Vapour in th 
preceding Side is ſomething more recent, thy 
is, has aſcended ſomething more lately, it yil 
be ſomething more denſe on that Side, ani 
on that account muſt reflect more Ligh, 
as well as be better defined; the Vapour a 
the other Side languiſhing by degrees, and u. 
niſhing out of Sight (d). 

This is the Sentiment of Sir Iſaac Newtm; 
but I muſt beg Leave to differ from him u 
this Matter. For I think it ſomewhat in- WW 
probable, on account of the great Rapidity with WI 
which Comets move, that the Ether diffuſed 


(4) Some have ſuppoſed, that the Heads of Comets 1 
traniparent, and that their Tails are no other than a Beamat 
the Sun tranſmitted through them: But were the Heads d 
Comets tranſparent, they themſelves would ſcarce be viſbl, 
Others, that thev ariſe from the Refraciion of the Rays d 
Light in their Way from the Comets tous: But if fo, un 
both the Pl-ners and fixed Stars ought to have Tails allo. Ky" 
aſ:ribed the Aſcent of the 'Tails to the Rays of the Sun ci. 
Tying the Particles ot the Con:et's Atmoſphere away with them, 
that js, impelling them into the Regions oppoſite to it. J. 
we have no Inſtance of any thing in Nature like this; this l 
therefore an Hypotheſis that cannot be ſupported, 


vitatt 
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the ate ſufficiently towards the Sun (eſpeci- 
„ at Diſtances equal perhaps to twice that 
r the Earth from it) to cauſe the Vapours, 
r the Atmoſphere of the Comets, to aſcend 


Nato thoſe Parts, towards which the Comets 


my 

1 Nee tending. For when a Body aſcends in a 
(ud, as being ſpecifically lighter than it, its 
Motion at or near the Beginning of it is very 


: mail; ſo that if the Fluid have but a ſmall 


a i 
ere of Motion the contrary Way, the Re- 
ni WW iince thereof will readily ſtop the Aſcent 


Wof the Body, and will carry it the fame Way 
Wit moves itſelf. This is the Reaſon the Air, 
which cauſes the Flame of a Candle to aſcend, 
can ſcarcely blow downwards with ſo ſmall 
Wa Degree of Motion, ar (which is all one) 
the Candle itfelf can ſcarcely be lifted up 
with ſo gentle an Hand, but the Flame will 
turn downwards. How is it then likely, that 
hen a Comet moves with an incredible Ve- 
Wiocity (v/2, at the Rate of above a thouſand 
Wiles in a Minute, as ſome of them do at 
the Time when their Tails riſe almoſt directly 
before them:) How is it then likely, I ſay, 
hat the Ether ſhould by its Gravity alone 
ie the Vapour of the Comet with ſuch Force, 
as to Cauſe it to overcome its Reſiſtance, when 
What Reſiſtance ariſes from ſo great a Rapidity 
Wo! the Comet? Would it not rather carry it 
With it the other Way? And if we augment 
che Denſity of the ther, and therewith its 
3 3 4. Gravity, 
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Gravity, then the Reſiſtance of it will be t 
greater; and ſo the Caſe will be more & 
ſperate ſtill, If we ſuppoſe it to be ms 
it will be lighter, and fo leſs able to bun 
the Vapours of the Comet up. The Queſtiy 
then is, how are thoſe Tails to be account 
fo: ? My Conjecture is as follows: It is wel 
known that when the Light of the Sun paſk 
through the Atmoſphere of any Body (asth 
Earth) that which paſſes on one Side is by th 
Retraction thereof made to converge toward 
that which paſſes on the oppoſite one; an 
this Convergency is not wholly effected, eite 
at the Entrance of the Light into the At. 
moſphere, or at its going out ; but thit 
beginning at its Entrance, it increaſes n 
every Point of its Progreſs. It is alſo agre 
on all Hands, that the Atmoſpheres of the 
Comets are very large and denſe. I ſuppok 
therefore, that by ſuch Time as the Light d 
the Sun has paſſed through a confideradl 
Part of the Atmoſphere of a Comet, tie 
Rays thereof are ſo far refracted towards ec 
other, that they now begin ſenfibly to illum- 
nate it (or rather the Vapours floating therei 
and ſo render that Part which they have g 
to paſs through, vile to us; and that ti 
Portion of the Atmoſphere of a Coma 
thus illuminated appears to us in the Fom 
of a Beam of the Sun's Light, and pal 


under the Denomination of a Comet's hs 
Thus 
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1 
© hus, when a Burning-Glaſs is expoſed to 
De. Sun's Rays, if there be the leaſt Smoak 
r Duſt hovering behind the Glaſs, the Rays 
Uf the Sun, as ſoon as they are brought near 
Enough together by the refractive Power of the 
4 aſs, render ſo much of the Smoak or Duſt 
4 they have yet to paſs through, very diſtin- 
- Wevichal: e from the reſt. Indeed, by the accu- 
Wit: Reflection of the Glaſs, the Light of 
: Doe Sun is brought to a Focus, wherefore 
Ihe illuminated Space ends in a Point: 
Wt it happens not ſo to Rays refracted by 
| Wt Atmoiphere of a Body; becauſe the Ex- 
Weremitics of an Atmoſphere do not refract near 
| ſtrongly as thoſe Parts which are nearer 
the Body. Let us now ſee how this Hy- 

Wputh lis will anſwer the Phenomena of the 
q Tails, 

When a Comet has been in its Apbelion, 
Wby mcans of its long Abſence from the Sun, 
3 th Vapours with which its Atmoſphere was 
fall, are now condenſed and fallen down, the 
* itlelf grown cold, ſettled into its 
natural State, and reduced to a ſmall Compals ; 
4 etore as the Comet approaches the Sun, 
the Tail of it is inviſible to us, or at leaſt 
| 3 very ſhort: When it comes into the 
Ihotter Regions near the Sun, the Atmoſphere 
begins to rarefy and dilate itſelf, and new Va- 
* riüng up into it, increaſe the Quantity 
Jof Matter thercin, on Which account the Tail 
grows 


l 
| 
| 
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grows longer. When the Comet is in its Py, 
belion, if it be then very near the Sun, by mem 
of the exceflive Heat thereof, not only th 
hinder Parts of its Atmofphere are ftroygy 
illuminated by refracted Light, but the othe 
Parts of it by the direct Light of the $y 
ſo that the whole Comet, Atmoſphere and all 
is as it were on Fire; which cans an ink 
nite Number of Beams and Irradiations ty he 
ſent out from every Part; in which State th 
Comet is faid to be Hairy. Afterwards whe 
the Comet has got to ſome Diſtance from the 
Sun, and this great Illumination ceaſes, and 
the Atmoſphere is extended by Rarefaction to 
a monſtrous Size, and now more replete with 
Vapours than ever, which like the Steam df 
a boiling Cauldron have been continually rifing 
into it, the Rays of the Sun have a great Wy 
to go within it, after they are fo far feffaced 
towards each other, as to render the Atmo- 
ſphere viſible. So that the Tail now apyeai 
at its greateſt Length; but from this Time 
grows continually ſhorter and ſhorter (as e 
Atmoſphere: by the Comet's loſing its Heat 8h: 
contracts its PDimenfions, and the Vapour flo 
ing therein ſubſides on to its Body) till e Wi 
Comet is out of Sight. =: 

But the greateſt Difficulty is yet behind, Wl 
and that is, to account for the Deviation 
the Tail of the Comet from thoſe Parts which 


are oppoſite to the Sun, towards thoſe * 
| tit 
3 
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e comet has left. For it will moſt certainly 
thought, that upon this Hypothefis, the 
is ot the refracted Rays, which is alſo the 
of the Tail, ought to be in a right Line, 
Wh: paſſcs through both the Center of the Soi 
bd of the Comet. Now if we conſider the 
Wxcccding great Rapidity with which a Comet 
ores, and that the Propagation of Light is 
Wot inſtantancous, this Difficulty will alto va- 
Wiſh. For ſince Light is propagated in Time, 
? W which paſſes near the Body of a Comet 
\ 1l not, when it comes at the Extremity of 
Mts Atmoſphere, enlighten a Portion of it that 
lies in a right Line drawn through the Center 
g 3 the Sun and the Place of the Comet 
ere it now is, but where it was at the 
ant when chat Light paſſed by it: And 
Wherefore the illuminated Point of the Extre- 
Wnity of the Comet's Atmoſphere, that is, the 
2 . of its Tail, will not be oppoſite to the 
1 but always in a right Line, that paſſes 
3 i the Center of the Sun and a Point 
Wot the Orbit behind the Comet, or which it 
3 vas lately left; as will readily appear to 
Pay one that hall duly attend to this Mat- 

n And becauſe this is true of every other 
Portion of the Tail, in proportion to its Diſ- 
Nuance from the Head, the whole Tail will 
Feelne from thoſe Parts which are oppoſite 
0 the Sun, towards thoſe which the Comet 
thas lately leſt. And thus is the abovemen- 
tioned 
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and therefore the Tail will appear to be ta: 
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tioned Deviation to be accounted for. But 
muſt not be concealed here, that that w 
ſucceſſive Propagation of Light, which ocean 
this Deviation, is capable of augmentin 
diminiſhing it in Appearance, or even of & 
tirely taking it away, according to the Situata 
the Comet is viewed from. For, on accow 
of the ſucceſſive Propagation of Light, 4 
diſtant Bodies that are in Motion appear ng 
fo far advanced as they really are; and the fats 
they move, and the farther they are fromw 
the greater is the Difference between their re 
and apparent Place. Let us then ſuppoſe, thy 
the Extremity of a Comet's Tail is fartner fron 
the Eye of a Spectator than the Body of the 
Comet, by a Space equal to the Semidis 
meter of the Earth's Orbit, then will Light 
be ſeven Minutes longer in coming from tht 
Extremity of the Tail than from the Head; 


. 


* 


. 
— A ” 


* 


* 3 1 


ther behind its true Place than the Come 
does, by a Space equal to that through whi 
the Extremity of the Tail moves in fevtt 
Minutes; and conſequently the apparent Dt 
viation in this Caſe will conſpire with the tru 
one, and render it in appearance proportiot 
ably larger. Again, when the Extremity d 
the Tail is nearer the Earth than the Com, 
then Light comes quicker from the form 
than from the latter, and therefore the Come 


appears farther behind its true Place than the 
3 Extre 
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remity of its Tail does, and fo the true 


MI a 

WD cviation appears the leſs, or not at all, ac- 
erding as the Caſe may happen. 

1 CT 


W The apparent Deviation of a Comet's Tail 
Wcpends allo on another Circumſtance, vs. 
De Situation of the SpeQator with reſpect to 
Die Plane of the Comet's Orbit; for when 
4 | Spectator is in the Plane of that Orbit, the 
WDcviation becomes inſenſible to him, as not 
Peing able to diſtinguiſh nicely the exact Diſ- 
ces of the ſeveral Parts of the Tail from 
Whis Eye: The farther he is removed out of 
What Plane, the more ſenſible it becomes. 

There is another Particular, vg. that the 
Extremities of the Comet's Tail deviate from 


the true Oppoſition more in proportion than 
oht che other Parts, ſo that they are bent into 
tea certain Curvature: And farther, that they 
ad; are more lucid and diſtinct on the convex than 


Jon the concave Side. All which may be ac- 
counted for, if we allow the heavenly Regions 
the leaſt imaginable Reſiſtance ; for in that 
W Cale, the Atmoſphere of a Comet will be ſome- 
what denſer on the Side towards which the 
Comet tends; and therefore the Light which 
paſſes on that Side will ſuffer a greater Degree 
of Refraction throughout its whole Progreſs 
[along the Atmoſphere, that is, to the End of 
the Tail, than ſuch as paſſes on the other: Sg 
that, that Side of the Tail which moves firſt, 
will be more lucid and better defined than 
the 


5 
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the other: And becauſe this Reſiſtance yi 
make the greateſt Alteration in the extrem: 
Parts of the Comet's Atmoſphere, the Er. 
tremity of the Comet's Tail will deviate fron 
the true Oppoſition more in Proportion thy 
thoſe Parts which are nearer the Body; 6 
that the Tail (at leaſt that Side of it which 
moves firſt) will become convex. And if th 
Refraction of thoſe Rays which paſs on thy 
Side towards which the Comet tends, and on 
that account are moſt refracted, be ſo gret 
as that they ſhall croſs thoſe which-paſs on the 
other Side the Comet, before they get out cf 
its Atmoſphere, their Refraction being irregu- 
lar, they will crofs.the other diſperſedly and in 
ſeveral Places, w Nas is obvious to con- 
ceive, will neceſſarily give that other Side of 
the Tail à concave Form, and render it im- 


perfectly defined. 


Thus I have ventured to throw in a Cor- 
jecture of my own; but propoſe it rather a4 
Quere, than a Solution; leaving it to be lat 


ther examined into by thoſe who may hate, 


had better Opportunities of acquainting "je 
ſelves with Phenomena of this Kind. Fl 
quantum valere poteſt. We 2 
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CH AP, XII. 


n 
p | Of the Parallax of the Heavealy 
0 " 


a WT HE Difference between the apparent 
| Places of the Heavenly Bodies, when 
| Piewed from the Center of 3 Earth, and 
Wwhen ſeen from the Surface thereof, is alle 
heir Parallax. To explain this, 
Let AB (Fig. 21.) repreſent a Portion of 
[ the Earth's Surface whoſe Center is C, HV the 
| F Heavens, and let APN be the Rn of a 
1 ect at A, and P the Situation ot a Planet 
Wthercin, The Place of this Planet among the 
W fixed Stars, as ſeen from the Center of tne 
Farth, will be M, which is called its frue 
Place: But when view'd by a Spectator upon 
Wthe Surface of the Earth at A, it appears in 
Wthe Horizon at N, which is alled its apparent 
Place; and the Arch MN, which mcaſures 
t the Diſtance between the one and the other, 
$15 the Parallax: of that Planet. If the Planet 
be above the Horizon, as at Q, its true Place 
Jas ſeen from the Going of the Earth is R, 
Tits apparent Place 8, and its Paraliax is RS, 
which is leſs than bile: From whence we 
[ ite, the more the Planet is elevated above the 
Horizon, 
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Horizon, the leſs is its Parallax ; and whey; Wl 
is got directly over the Place of the Spec 
it has no Parallax at all; for when it is 7 
its apparent Place in the Heavens is at j 
whether it be ſeen from C or A. 

Farther, by how much the more remote 
Planet is from the Earth, fo much the le | 
its Parallax, at the fame Heights from the 
Horizon. Thus if the Planet had bem x 
the Diſtance CD from the Center of the 
Earth, its Parallax, when in the Horizon t 
D, would have been NO; and when in the 
Line AQ produced, as at E, its Parallax would 
have been meaſured by the Arch SF, both 
which are leſs than the former. 

The Angles MPN, and RQS, are called 
the parallactic Angles, ſuppoſing the Planet 
at P or Q, and are equal, the firſt to the 
Arch MN, and the other to the Arch Rd: 
They are alſo equal to the Angle APC, « 
AQC, which are thoſe under which C4, 
a Semidiameter of the Earth that paſſes through 
the Place of the Spectator, would appex: it 
ſeen from the Planet. 

From hence it is obſervable, that the apps 
rent Place of a Planet is always lower in tht 
Heavens than its real one, except when tht 
Planet is vertical, or at T. 

As Aſtronomers, by means of the annud 


Parallax of a Planet, that is, the Parallax 1 
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ine annual Orbit of the Earth, as explained 
above (2), compute the Diſtance of the Planet 
com the Sun, with reſpect to that of the Earth 
E Fom thence; ſo by means of this Parallax, 
3 they calculate the Diſtance of the Planet from 


4 


the Center of the Earth with reſpe& to the 
Distance of the Surface of the Earth from the 


Wſame (6). 5 

The Sun is alſo liable to this Kind of Pa— 
tallax; for it is evident that its Place among 
the fixed Stars, when ſeen from the Surface 
jof the Earth, may be different from that in 
which it would appear if ſeen from the 
enter of the Earth. Now could this Paral- 
Jax be determined with Accuracy, the exact 


| (a) See Chap. VI. and VII. 

(% The Parallactic Angle APC being known, and the Angle 
AN, which is meaſured by the Arch of the Heavens VN, 
and which gives PAC, its Complement to two right ones, be- 
Ing taken by Obſervation, we from thence have PAC, the re- 
maming Angle of the Triangle APC: From whence the Rela- 
Non, which PC, the Diſtance of the Planet from the Center of 
the Earth, bears to CA, the Diſtance of the Surface of the 
Earth from its Center, may be determined. | 
There are ſeveral Methods of finding the Parallactic Angle ; 
ne of which is as follows: 
Firſt, let it be obſerved when the Planet is between two 
ned Stars which are both in the ſame, vertical Circle; and 
ſerwards, when theſe two Stars appear ſituated in a Line that 
parallel to the Horizon, obſerve how much the Planet ap- 
ears below them; for the Planet being depreſſed by the Pa- 
ax, will at that time be lower than a Line drawn from one 
ar to the other; becauſe the fixed Stars are at too great a 
llance to ſuffer any Parallax: The Arch of the Heavens in- 
rcepted between this Line and the apparent Place of the 
lanet is its Parallax ; Allowince being made for the Motion of 
e Planet between the two Obſervations. 


H Diſtance 
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Diſtance of the Sun from the Earth mig! fe 
known, and from thence, by the Method u. 
plained above (c), that of the other Planes WF !: 
from the Sun. But the Sun's Diſtance fron Wt! 
the Earth is ſo very great, and of conſe. th 
quence its Parallax is fo very ſmall, that the A 
Obſervations neceſſary for taking of it cannct D 
be made with ſufficient Accuracy, Aftro- In 
nomers therefore have recourſe to the Para. . 
laxes of Mars and Venus; which if they could abt 
be found, that of the Sun would alſo be had: NM. 


Becauſe the Horizontal Parallaxes of the Her 
venly Bodies, as we have juſt been ſhewing, are 
proportionably leſs as their Diſtance is greater, 
Now when Mars is oppoſite to the Sun, it1s 
above twice as near to us, and accordingly it 
Parallax is above twice as great as that of the 
Sun: And Venus, when in its inferior Conjurc- 
tion with the Sun, is almoſt four times nexrr 
than the Sun, and therefore its Parallax 1s 0 
many times greater. Aſtronomers find, thu 
the horizontal Parallax of Mars, when it 1s 
Oppoſition: to the Sun, does not exceed 25 &. 
conds, and from thence conclude the Sun 
to be about 10 Seconds. With which Par 
lax of 10 Seconds if a Calculation be made 
the Sun's Diſtance will be found about 81 Ml 
lions of Miles from the Center of the Earth. ban 

However, Aſtronomers need not be {olli Vards 
tous about the Parallax of Mars, fince U brou 


edi 
(c ) See Chap. VI. VII. n 
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Halley has laid down a Method in the Philo- 
Jiophical Tranſactions (4), whereby the Paral- 
lax of the Sun may be had to ſo great a Nicety, 
that its true Diſtance within a coth Part of 
the Whole may be determined from it; vis, 
At the next Tranſit of Venus over the Sun's 
Diſk, which will happen on the 26th of May, 
tin the Year 1761; when, at five Minutes be— 
fore Six in the Morning, Venus will appear not 
above four Minutes of a Degree South of the 
Middle of the Sun's Diſßk. 


(4) Numb. 348. 


. 


q Uf the Refraction of the Atmoſphere, 
[+ 2 
* and the Crepuſculum o Twilight. 


E find by Experience, that when Light 
V enters a tranſparent Medium obliquely, 
ther denſer or rarer than that in which it 
vas before, it does not paſs ſtrait on, but its 
ourſe is bent at the Point where it enters, 


ade rhich Bending is called its Refracion; and if 
Me Medium into which it enters be denſer 


han the other, the Light is then reſracted to- 
rards a Perpendicular to the Surface drawn 
rough the Point where it enters; hut if the 
edium be rarer, it is then refracted or bent 

3.2 the 
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the contrary way (a). It is from hence thy 
a Staff, having one End under Water and te 
other above it, appears bent or broke at th 
Surface of the Water, the Part below the W. 
ter appearing above its natural Situation, he. 
cauſe the Light that comes from thence is u. 
fracted or bent downwards at the Surface of th 
Water, where it comes out. Thus alſo the 
Stars near the Horizon appear above their try 
Places, on account of the Refraction which th 
Light that comes from them ſuffers in paſſin 
through the Atmoſphere of the Earth (0) 
The Manner of which is now to be en 
plained, _ a, 

Let then AB (Fig. 22.) repreſent the Sur 
face of the Earth, C its Center, DF a Portion 
of its Atmoſphere, and GI the Sphere of the 
fixed Stars, and let AH be the Horizon cf: 
Spectator at A, and let there be a fixed Stat a 
a Planet at K; and let KL be a Ray of Ligt 
proceeding from hence. Now this Ray paſſin: 
out of a Vacuum, or empty Space, into tit 
Earth's Atmoſphere at L, will be refracted u 
wards the Line LC, that being a Perpendicuu 
to the Surface of the Atmoſphere, at the Pon 
where the Ray enters. And fince the {up 
rior Air is rarer than the inferior, the Ray 


(a) See the Reaſon of this aſſigned, and the Manner ad 
largely explained, Part III. Chap. II. 
6% This has been already taken Notice of in Part 1 
Chap. VII. in the Notes. 


3 cont 
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continually entring a denfer Medium all the 
way it goes; and fo is retracted every Moment 


cauſe it to deſcribe a Curve, as LA, and to en- 
ter the Spectator's Eye at A, as if it came from 
E, a Point above L; and lince an Object ap- 
E pears always in that Line in which the Ray 
paſſes when it enters the Eye (c), the Star will 
cem to be at G, and therefore higher than its 
W true Place, and ſometimes above the Horizon, 
when its true Place is below it; as in the Caſe 
W before vs, where its Situation K is ſuppoſed to 
be below the Horizontal Line AH. 
Thus it has often happen'd, that in an 
W Eclipſe of the Moon, when it is directly op- 
W polite to the Sun, they have both appeared 
above the Horizon at the ſame Time, 
When a Star is in the Zenith, it is liable to 
5 no Refraction; for then the Light that comes 
from it to a Spectator's Eye, enters the Atmo- 
phere in a Direction perpendicular to its Sur- 
Wiice: But the lower the Star is, the more 
Wovliquely the Light enters the Atmoſphere; 
J that the greateſt Refraction of all is when 
che Star is in the Horizon, and it is then 33 
Munutes and 45 Seconds; but when the Star 
Fo Degrees or more above the Horizon, its 
Mefraction is inſenſible (4). 
ee the Reaſon of this, Part III. Chap. VII. at the 
Beginning. | 
0 a; 4) See Sir Iſaac Newto:'s Table of Refractions. Philoſoph. 
ranlat, Numb. 368. Wis 
H 3 From 
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From hence we fee the Reaſon why the du 
and Moon, when near the Horizon, do not ah. 
pear of a circular Form, as at other Times, hy 
of an oval one, having their longeſt Diametg 
parallel to the Horizon. For their lower Pant 
appear elevated by Refraction more than ther 
upper ones, and conſequently nearer together 
than they ought to do; while their Sides ar 
equally elevated, and keep their juſt Diſtance 
from each other. 

It is not with regard to Refraction, as in the 
Parallax : The latter of which, as explainedin 
the preceding Chapter, depreſſes the Sun only 
and the Planets; and that according as they ar 
more or leſs removed from the Earth; while 
the former elevates all the Heavenly Bois 
alike, at whatever Diſtance they are removed 
from us. 

Farther ; were it not for the Atmolpnere, 
which continually reflects the Light of the Sun 
from one Portion of it to another, and therevy 
occaſions ſome of it to enter our Eyes, which 
way ſoe ver they are turned, and alſo throws i 
upon thoſe Parts of the Bodies about us which 
are not expoſed to the direct Light of the duns 
Beams, the whole Heavens would appear to 
tally dark; and ſuch Bodies, or ſuch Parts d 
Bodies, as the Sun did not directly ſhine upon, 
would be inviſible, and the Stars would appei 
at Noon-day. But the Atmoſphere of the Earti 


being ſtrongly illuminated by the Beams x the 
un, 
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Jun, they are reflected to us, and to other Bo- 
dies trom all Parts; ſo that the whole Atmo— 
here is enlightened, and every thing therein is 
W ;cnder'd viſible; while the fainter Light of the 
Stars, which would otherwiſe appear, is obſcu— 
e, and eclipſed thereby, 

E Pcfdes, though the Sun, immediately h-Fore 
it ſets, would in this Caſe ſhine with the ſame 
E Brightneſs as at Noon, yet the Moment it was 
ſet, it would be quite dark. Whereas, by 
means of the Atmoſphere, it happens, that al- 
though none of the Sun's direct Rays can come 
to us after it is ſet, yet we ſtil] enjoy its reflect- 
ed Light for ſome Time, and Night approaches 
by Degrees. For after the Sun is hid from our 
Eyes, the upper Parts of the Atmoſphere remain 
for ome time expoled to its Rays, and from 
F thence the whole is illuminated by Reflection. 
But as the Sun grows lower and lower, that 
Portion of the Atmoſphere which is above 
our Horizon becomes leſs enlighten'd, till the 
Sun has got eighteen Degrees below it, aſter 
vhich it ceaſes to be illuminated thereby (e), till 
] H 4 it 


Hence it is, thit during that Part of the Year in which the 
dan 15 never about eighteen Degree below the Horizon, there is 
a Continued Twilight from Sun ieteing to Sun riſing. That Part 
of the Yer, in the Latitude of London. is while the Sun is paſſing 
| from about the fifth Degree of Gemini to the twentieth of Cancer, 
that is, irom about the 15th of May to aboat the 2th of July. 
Res Philoſophers tell us, that the Height of the Earth's At- 
| 22 may be determined from the Duration of the Twilight, 
n the following Manner. Let ABD (Lig. 23.) repreſent the 
Earth 
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it has got within as many Degres of the EA. 
ern Side of the Horizon, at which Time it he 


gie 


Earth ſurrounded by its Atmoſphere GEF. Through A, ty 
Place of a SpeQator, draw the Tangent AH, paſſing tarough 1! 
Extremity of the Atmoſphere at E, from whence draw the Ii 
ES, touching the Surface of the Earth in B, as alſo from the Cents 
C, the Lines CA, CE, and CB. Now, ſay they, fince the Cre 
culum is owing to the Reflection of the Sun's Rays, by the Pam. 
cles of which the Atmoſphere conſiſts, it maſt end at ſuch tine y 
Rays of Light coming from the Sun, and paſſing cloſe by th 
Surface of the Earth, are reflected from the Top of the Am. 
ſphere to the Spectator's Eye; and therefore knowing hoy f 
the Sun is below the Horizon at that time, we may know the 
Height of the Atmoſphere. Thus let 8 be the Place of the du 
when the Crepuſculum ends, Si a Ray of Light paſſing cloſe h 
the Earth at B, and refleted from E (a Particle at the Top d 
the Atmoſphere) into the horizontal Line EA, to the Eye of the 
SpeCtator at A; then will the Angle HES be the Meaſure of 
the Sun's Diſtance below the Horizon. And becauſe Eh; and fd 
are Tangents to the Earth, the Angle ACB at the Center vill he 
equal to HES, or eighteen Degrees; and half of the ſome, 
namely ACE, will be nine; from whence EI, the Height of tie 
Atmoſphere, which is the Exceſs of the Secant EC aboretie 
Radius CA or Cl, is had by Trigonometry : See Keil's Altronony, 
LeR. 20. But this way of arguing is founded on a Suppolitor, 
that Rays of Light cannot come to a Spectator's Eye aſter mir 
than one Reflection in the Atmoſphere ; the contrary to with 
ſeems evident, as I ſhall ſhew in the following manner. Let All 
(F:g. 24) repreſent the Earth, A the Place of a Spectator, Hl 
his Horizon, MNR the Portion of the Earth's Atmoſphere, ai 
TVW an Arch of the Heavens; and let S be the Place of te 
Sun leſ thin 18 Degrees below the Horizon; and let the Lie 
SAI touching the Earth be drawn. It is well known, that n 
this Caſe ſo much of the Heavens as is not intercepted by 5 
Earth jrom the Spectator's Eye at A, will ſtill appear enlight 
ened : that is, of other Words, Light will flow to the Speck. 
to ' Eye from every Part in that Portion of the Atmoſphere t:# 
lies between P and Q; ſome therefore will come from thole 
Particles that lie within the Space PAE. But theſe Particles ct 
not be enlightened by the direct Rays of the Sun; for _ 

| CE21aly 
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I gins to illuminate the Atmoſphere again, and 
Wn Appearance to diffuſe its Light throughout 
the Heavens, which continues to increaſe till 
the Sun be up. This Light, whether in the 
Morning before Sun-riſe, or in the Evening 
after Sun-ſet, is called the Crepuſcu/um, or 
rwilight; and is ſuppoſed to begin and end 
W when the leaſt Stars that can be ſeen by the 
raked Eye (viz. thoſe of the ſixth Magnitude) 
ceaſe or begin to appear. | 
= But as the Twilight depends on the Quan- 
W tity of Matter in the Atmoſphere fit to reflect 
the Sun's Rays, and alſo on the Height of it, 
(bor the higher the Atmoſphere is, the longer it 
will be before the upper Parts of it will ceaſe 
co be illuminated) the Duration of it will be 
W various, For Inſtance in Winter, when the 
Air is condenſed with Cold, and the Atmoſphere 
W upon that account lower, the Twilight will be 
W itorter; and in Summer, when the Limits of 
me Atmoſphere are extended by the Rarefac- 
ton and Dilatation of the Air of which it con- 
its, the Duration of the Twilight will be 
W ercater. And for the like Reaſon the Morn- 
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ing Twilights, the Air being at that Time co. 
denſcd and contracted by the Cold of the pr. 
ceding Night, will be ſhorter than the Ev. 
ing ones, when the Air is more dilated ay 
expanded, 

Another Effect that the Atmoſphere has uy. 
on the Rays of the Sun is, that it intercepis2 
conſiderable Part of them in their Progre 
through it. By which Means it happens, th 
when the Sun is near the Horizon, it appem 
leſs luminous and bright than When it is more 
elevated; for the nearer the Sun is to the Hy. 
rizon, the greater is the Portion of the Atmo- 
ſphere. through which the Rays of the Sun 
muſt paſs to come to a Spectator's Eye, Fur 
Inſtance, in Fig. 23, where ABD repreſents 
the Earth, ſurrounded by its Atmoſphere GEF, 
and A the Place of a Spectator ; it is obvious 
that when the Sun is in or near the Horizon, 
ſuppoſe at H, its Rays muſt paſs through a 
greater Portion of the Atmoſphere to come to 
the Spectator's Eye at A, than they would do 
if the Sun were ſituated in any Part of tit 
Heavens above the ſaid Point. 


CHAT. 


14 


„„ 
Of ihe Doctrine of the Sphere. 


HE Subject of this Chapter re- 
lates chicily to the Expianation 
Zo Circles which Aſtronomers, for 
Ime better diſtinguiſhing the Places and 
Motions of the heavenly Bodies, con- 
ceive to be deſcribed within the Sphere 
of the Heavens. Some of theſe have 
already been defined; but that the 
Reader may have a compleat View of 
their Definitions all together, I thall 
repeat them here in their proper 


Þ = FAO 
KL 


5 
1 Theſe Circles are of two Kinds, vis. 
„le greater and the ſmaller, 


A great Circle is that which divides A great 
Ie Sphere into two equal Parts, hay- Circle. 
bins the fame Center therewith, 

A leſs Circle divides the Sphere into A leſs 
Juncqual Parts, having a different Center Cucle. 
bom that of the 8 phere. 

| Theſe are fo: Ss Fane called parallel Paraltel 
Circles, and receive their Denomina- Citcles. 
tons from ſome great Circle to which 

Itacy are parallel. Thus, leſſer Circles 
run- 
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running parallel to the Equator, 3 
called Parallels of the Equator; 20 
ſo of the reſt. 
The Poles The Poles of a Circle are two Point 
oc bog er- in the Surface of the Sphere, ex 
| where equally diſtant from the Circle, 
Axis of a The Axis of a Circle is an Imaginzr 
Circle. Line ſuppoſed to pafs through both i 
Poles : Or, that paſſes through its Ce. 
ter, and is perpendicular to its Plane, 
Secen da- The Secondaries of a Circle are ſuch 
rice 0 2 as paſs through both its Poles, The 
Eile. . . . 
therefore cut it at right Angles in tuo 
Points oppoſite to each other, and ar 
therefore always great Circles, 


The Circles of the Sphere are all 
diſtinguiſhed into fixed and moveable 

A fixed A fixed Circle 1s that whoſe Situation 
IA depends not upon that of the Spectatcr, 
A move- A moveable Circle is that whoſe d. 
2 Ci tuation depends on that of the Spec 
tator. 

Of the former Sort are the Eclipti 

and the Equator, with their Seconds 

ries and Parallels. . | 

Of the latter are the Horizon, vil 

its Secondaties and Parallels. 


I. 0} 
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4 
7% 
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p I, Of the Ecliptic, and other Parti- 
culars relating to it. 


The Ecliptic is that Circle which the TheEclip- 
Plane of the Earth's Orbit would mark © 
„cut, were it ſuppoſed to be extended 

W to the Heavens. This therefore is that 

@ which the Sun ſeems to deſcribe in its 
annual Courſe. 


Une ſuppoſed to paſs through the Cen- the. 

E ter of the Sun, and to be perpendicular 

Eto the Plane of the Ecliptic; and the 

Points in the Heavens, to which this 

Axis points, are called the Poles there- Its Poles. 

Jof; and great Circles paſſing through 

theſe Poles, will be perpendicular to the 

Ecliptic, and are therefore called its 

E dccondaries, and ſometimes Circles of Seconda- 

8 Longitude. By Means of theſe the fg 

Place of any Star is referred to the wr 

8 Ecliptic, and its Longitude and La- 

F titude cititmated. For the Longitude Longi- 

Jof a Star is an Arch of the Ecliptic, tude of 2 

W intercepted between the fitſt Point of 

Aries, and that · where one of theſe Sen- 

| condaries that paſſes through the Star 

cuts the Ecliptic. And the Latitude of Latitude 
| a Sas Ot a otar, 
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Parallels 
of Lati- 
tude. 


The Signs The Ecliptic is divided into twely, 


of the 
Ecliptic. 


The Zo- 
diac. 


Of the Doctrine Part I, 


a Star is the Arch of the ſame Seco. 
dary, intercepted between the Star ni 
the Ecliptic. Upon this account 4 
Circles conceived to be drawn parall4 
to the Ecliptic, that is, Parallels of th 
Ecliptic, are ſometimes called Parallel 
of Latitude. The Latitude of a Siu 
is either Northern or Southern, as the 
Star is placed on this or that Side the 
Ecliptic. 


equal Parts, called Signs. They begn 
at that Point in which the Sun appem 
to be at the Vernal Equinox, and ar 
reckoned from Weſt to Eaſt. The 
Names of the ſaid Signs, together with 
the Characters whereby they are com- 


monly expreſſed, are theſe that follow: W ; N 

If 

Aries, Taurus, Gemini, Cancer, Leo, Virgo, | fe. 
1 . #4 T7 ns 

Libra, Scorpio, Sagittarius, Capricornus, Aquarius,Fi\ces. Wl b. 


The firſt fix of theſe are called ths 
Northern Signs, as poſſeſſing that Hal 
of the Ecliptic which lies neareſt ths 
North Pole of the Earth; the latter 
the Southern, as being in that which 
is neareſt the South Pole. The Sun! 


always ſeen in ſome Part of this * 
3 vt 
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but the Planets, by reaſon of the In- 
nation of the Plane of their Orbits to 
at of the Ecliptic, appear ſometimes 
Love it, and ſometimes below it, but 
© cr deviate from it above ſeven or 
| right Degrees on either Side: So that if 
we imagine a Space ſurrounding the 
Bleavens ſixteen Degrees in Breadth, 
Wand extended equally above and below 
(the Ecliptic, this will include all the! 


e Pcliptics, if I may ſo ſay; that is, all 
n the Circles they would appear to move 


Win when ſeen from the Sun, and is cail- 
ed the Zodiac. 
| The Signs of the Ecliptic took their 
Names, as was obſerved above, from 
twelve Conſtellations ſituated in the 
Heavens near thoſe Places. But it muſt 
be remembred, that the Signs are dif- 
ferent from the Conſtellations which 
bear the fame Name. For the Sign 
Aries, for Inſtance, is not in the ſame 
Part of the Heavens with the Conſtel- 
lation Aries, The Sign Aries is only 
thirty Degrees of the Ecliptic, counted 
from one of the Equincctial Points; 
whereas the C on/tellaticn of that Name 
lis a Syſtem of Stars, the moſt of which 
are now ſituated between the firſt and 


Other 


laſt Degree of Taurus. And ſo of the 
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other Signs. Theſe Conſtellations wer 
in the Infancy of Aſtronomy ſituate] 
within the Signs which now bear ther 
Names; but by a ſlow retrograde Ny. 
tion of the Equinoctial Points, called th; 
Preceſſion of the Equinoxes, as explained 
above (a), the Conſtellation Aries hi 
got into the Sign Taurus, and that d 
iſces into the Sign Aries; and ſo d 
the reſt. 


II. 07 the Equator, and other Partiu- 
lars relating to that, 


The Axis The Axis of the Earth is a right Line 
2 ſuppoſed to paſs through its Center 
about which its daily Rotation is pe- 
formed. 
The Poles The Poles of the Earth are two Point 
or © in its Surface, where its Axis pals 
through; the one the North, the other 
the South Pole. 85 
The poles The Poles of the Heavens are tw 
1 Points therein, where the Axis of th: 
Earth, if produced, would paſs through 
them. 
The The Equator is a great Circle on the 
Equator. Surface of the Earth, equally diſtant 
from either Pole thereof. This is by 


Mariners called the Line. 
( a ) See Chap. V. 
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A Secondary of the Equator paſſing Meridian. 


hrough any particular Place upon the 
93 of x Ge Earth, is called the Me- 


ridian of that Place. f 
. the Longitude and Latitude 


of the heavenly Bodies are determined 
by the Ecliptic and its Secondaries ; fo 
by the Equator and its Secondaries, 
Places upon the Earth's Surface are diſ- 
tinguiſhed as to their Longitude and 


Latitude. | 
The Longitude of a Place is then an The Lon- 


Arch of the Equator, intercepted be- le, 
tween the firſt Meridian (5), and that f 


which paſſes through the Place. 
I The 


(5) By the firſt Meridian is meant that which paſſes 
oroogh ſome remarkable and well-known Place, 
vhich Geographers pitch upon to eſtimate the Longi- 
dude cf other Places from. The ancient Geographers 
ſealed that the firſt Meridian which paſſed through the 
Not Weſtern Part of the then known World; and fo 
eckoned the Longitude Eaſtward from thence. And 
$ they looked upon the World to be longer from Weſt 
Wo Laſt than from North to South, they gave the 
ame of Longitude to the longer Dimenſion, ard 
hat of Latitude to the ſhorter. But when it was 
covered that the Earth was round, and conſequently 
at there was no extreme Point of Longitude, Geo- 
raphers began to neglect this Method, and every one 
ole a firlt Meridian according to his Fancy and In- 
nation, Thus, an Engliſb Geographer ſhall tell you 
he firſt Meridian paſſes through London; a French- 
, that it paſſes through Paris, &c. 

This 
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The Lati- "The Latitude of a Place is an Ar, 

tude of a 2 1 

Place, Of the Meridian, intercepted between 
the Place and the Equator ; and is e. 
ther Northern or Southern, as the Plc 
lies on this or that Side the Equator, 

The Fqui- The Equinoctial and the Equator at 

* different, the former being a Circle h 
the Heavens, which the latter woull 
mark out if ſuppoſed to be extended 
thither, 

Northern The Equinoctial divides the Heaven: 


ard Sonth- ag the Equator does the Earth, into tut 


rn Ulemi— g 
peeing equal Portions, called the Northern and 


Southern Hemiſpheres. 4 
Right Al. And as by the Secondaries of th WR" 
+ De. Equator, Places upon the Earth are r 
clization, ferred to the Equator ; ſo by theſe d N 
the Equinoctial, the Places of the he. V 
venly Bodies are referred to the Equi- th 
noctial. But as an Arch of the Equz E. 


tor, intercepted between the firlt Me 
ridian and that which paſſes thront 
any Place, is the Longitude of ti 
Place; an Arch of the Equinoiial, i. 
tercepted between the firſt Point « 
Aries and that where it is cut by a 


This arbitrary Way of reckoning the Long 
from different Places makes it neceſſary, wheneſer 
Mention is made of the Longitude of any Place,“ 
mention alſo the Place from whence that Longitud 
counted, | 


condar 
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condary of the EquinoCtial that paſſes 
W thro! the ſaid Body, is called its Right 
E& Aſcenſion. And an Arch of the ſame Se- 
W condary, intercepted between the ſame 
Body and the EquinoCtial, is called its Declina- 
PDeclination, which is alſo either North- won. 
b ern or Southern, as it happens to be in 
che one or the other Hemiſphere. 
From hence the Secondaries of the Circles of 
Egquinoctial are ſometimes called Circles ax 1 
Jof Aſcenſion and Declination. nation. 
The Equinoctial Points are thoſe Fquinoc- 
where the Equator cuts the Ecliptic 1 
and are ſo called, becauſe when the Sun Points. 
is in theſe Points, it is alſo in the Equa- 
Stor, and therefore makes the Days and 
Nights of an equal Length all the 
World over. The Solſtitial Points are 
thoſe Points in the Ecliptic where the 
Equator is moſt diſtant from it ; and 
are ſo called, becauſe when the Sun is 
them, it can ſcarce be perceived to 
Alter its Diſtance from the Equator for 
ſlome Time. 

There are two of the Secondaries of 
the Equinoctial more remarkable than 
the reſt, called the Colures; the one 
noe aſſes through the Equinoctial Points, 
+ Ind is called the Equinoctial Colure; 
mw he other is placed at right Angles with 

his, and paſſes through both the Poles 

anda 1 of 


1 — - 
— 5 


134 Of the Doctrine Partly 


of the Equator and of the Ecliptic ty 
and is called the Solſtitial Colure. 
Hour Cir- Secondaries of the Equinoctial dam 
cles. through each 1 5th Degree thereof, wil 
divide it into 24 Parts; each of whit, 
ſince the Earth revolves once round it 
Axis in 24 Hours, will anſwer to gre 
Hour; that is, each of them (ſuppoline 
the Heavens to revolve as they appex 
to do) will ſucceed into the Place af: 
foregoing one in the Space of one Hour, 
and are for that Reaſon called Hou 
Circles. And the Inhabitants of ay 
Part of the Earth, whoſe Meridian con: 
cides with any one of theſe, will diff 
in their reckoning of Time one Har 
from thoſe whoſe Meridian is coinc- 
dent with the next; and fo on. 4 

Tropics Of the Parallels of the Equator, for 
and 2 are more remarkable than the reſt, ai 
 viſtinguithed by particular Names, at 
the Tropics and Polar Circles. 
The Tro- The Tropics are thoſe Circles whit 
p< the Sun in its greateſt Declination ſeem 
to deſcribe by its diurnal Motion; al 
are therefore ſo far removed from it 
Equator, the one on the one Side, a 
the other on the other, as is the Inch 
tion of the Equator to the Ecliptic, ct 
23 Degrees and an half. They are 


ed Tropics, becauſe when the Sun 
ive 
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z rives at either of them, it returns back 
again towards the Equator. 
hat which lies in the Northern He- Tropic of 


5 miſphere is called the Tropic of Cancer, . * 


W bccauſe it touches the Ecliptic in the pic of Ca- 


W fit Degree of that Sign. The other, Pricorn. 
W the Tropic of Capricorn, for a like 
Reaſon. 

The Polar Circles are thoſe which the The Polar 
W Polcs of the Ecliptic ſeem to deſcribe Ce. 
by the diurnal Motion of the Earth; 

and are therefore each of them at the 

ame Diſtance from the Poles of the 
Earth, that the Tropics are from the 

© Equator, That which lies in the 
Northern Hemiſphere is called the Arc- Ric and 
tic Circle, from Arcus, the Bear, "pr agg 
W Conſtellation near that Place; the other 

being in Poſition oppoſite to this, is 

called the Antarctic Circle. For the 

ame Reaſon the North Pole of the 

W Earth is ſometimes called the Ardtic Artic ard 
Pole, the other the Antar@ic. ents 
By means of the Tropic and Polar 
Circles (or rather by certain imaginary 
Circles upon the Surface of the Earth 

F correſponding to them, and called by 
the ſame Names) the Surface of the 
Earth is divided into five Parts, called 
Zones. The one of which is called the... P 
F forrid Zone, and is that Space or Tra — 


1 ot 
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of the Earth which is comprehend 
between the two Tropics. The Ang, 

ents imagined this Tra& of the Ea 

to be uninhabitable, on Account « 

the Heat of the Sun there. There xr 

Frigid two frigid Zones, the one is that Portion 
Zone. of the Earth's Surface which is included 
within the Arctic Circle, the other with. 

in the Antarctic. The remaining tw 

Tempe- are the temperate ones, lying one on 
Zoe one Side the Equator, and the other 
on the other, between the frigid and 
the torrid ones, 

The Inhabitants of theſe Zones ar 
diſtinguiſhed by the different Direction 

of their Shadows. Thus, they that lire 

The Am- in the torrid Zone are called Amphiſci; 
phiſcit. becauſe their Noon Shadows are cl 
ſometimes towards the North, and 
ſometimes towards the South, accord- 

ing as the Sun at Noon is to the North- 

ward or the Southward of them, But 

when the Sun paſſes directly over thei 

Heads at Noon, they caſt their Sb 

_ dows neither the one way nor the other 

The Aſcii.and are called Aſcii. 
The Inhabitants of the temperitt 

The He. Zones are called Heteroſcii, becaul 
teroitii. they never caſt their Meridian Shade 
The Pe;;. but one way. Such as inhabit the f 
ſci, * g1d Zones are called Periſcii, _ 
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V, 

by reaſon that the Sun is ſometimes 
c above their Horizon for a Day or more 
> vithout ſetting, their Shadows turn 
quite round them. 


The Inhabitants of the Earth have 
alſo been diſtinguiſhed into three Sorts, 
i WE with regard to their Situation with re- 
b. ſpect to each other. They who live 
Wunder the oppoſite Points of the ſame 


* 
5 Parallel of the Equator, are called with 
nr Erect to each other, Periceci. Periceci. 
4 WE Theſe have the ſame Seaſons of the 


Tear; but it is Midnight to the one, 
when it is Noon or Mid-day to the 
other. Others are called Antœci, as Antæci. 
Wliving under the fame Semimeridian, 


i 

; but in oppoſite Parallels. Theſe have 
Dy and Night at the ſame Time, but 

1} WE <fierent Seaſons, it being Summer with 

d. bone when it is Winter with the other, 

b. WE Others are Antipodes, with reſpect to Antipodes 


as 


FE each other, that is, they live in oppoſite 
Parallels, and alſo in oppoſite Semime- 
iidians; ſo that they are on the oppoſite 
Points of the Globe; and therefore 
have both their Days and Nights, and 
their Seaſons of the Year reverſed, the 
one with reſpect to the other, 


| 


ut 


* TY * 
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III. Of the Horizon, and other Pan. 


culars relating to it. 


The Horizon is a Circle in the Ha. 
vens, whole Plane touches the Surky 
of the Earth, in the Place of the Opel 
tator. This Circle ſeparates that bu 
of the Heavens which is viſible {© 
that which is not; and is called th 

The ſenſi. ſenſible Horizon, in contradiſtinction i 
3 another Circle parallel to this, whok 
Plane paſſes through the Center of th 
The ratio- Earth, and is called the rational Hor. 
nat Hori on. The Diſtance between th 
two Circles is ſo ſmall with reſpect u 
that of the fixed Stars, that it is uſual 
neglected, and the Circles are ſuppoſed 
to coincide. 

The Poles of the Horizon are two 
Points, the one of which is exactly on 
the Head of the Spectator, and is called 

Zenith. the Zenith; the other directly unde 
Nadir. his Feet, and is called the Nadir. 
The Secondaries of the Horizon pi 
Colle, through the Zenith and Nadir, and 
Azimuths. called Vertical Circles or Azimutls: 
Its Parallels, Almicantarath, or con- 
monly Almicantars (c). 


(c) Theſe are Terms introduced into Are 
by the ancient Arabian Philoſophers, and ſtill retain 
Amon; 


Among the Vertical Circles of the 

orizon there are two more remark- 

Eble ones, viz. the Meridian, and the Meridian 
. * 1: and prime 

rime Vertical, (for the Meridian of verücal. 

Iny Place is a Secondary of the Horizon 

bf that Place, as well as of the Equator, ) 

WThe Meridian, as obſerved above, 

aſſes through the Zenith and the Poles 

pf the Equator. This cuts the Horizon 

Win two Places, which are called the 

ENorth and South Points thereof, The 

prime Vertical cuts the Meridian at 

Fight Angles in the Zenith and Nadir, 

Wand by interſecting the Horizon marks 

out the Eaſt and Weſt Points; and 

therefore theſe two Circles cut the Hori- 

on into four Quarters, each of which 

i ſuppoſed to be divided into eight, the 

whole therefore into thirty- two, which are 

called the Points of the Compaſs, of which d of 

Wthe four firſt mentioned, v/z. Eaſt, — Th 

Weſt, North, and South, are called, by IR 

way of Eminency, the Cardinal Points. points, 

The Altitude of a Star is an Arch of 

Vertical Circle that paſſes through it, tude 

intercepted between the Star and the preſion of 

Horizon. If the Star be below the Ho- Star. 

$1120n, it is then called its Depreſſion. 

When a Star is upon the Meridian Culmina- 

pol any Place, it is ſaid to culminate, “ 3 

or to be in its Meridian Altitude. 5 

my The 
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140 Of the Doctrine Par 


The Ads The Azimuth of a Star is an 4g, 

the North or South Point thereof, ws 

the Vertical that paſſes through t 

Star; and is either Eaſtern or Weſt 
according to the Situation of the Str 

The Am- The Amplitude of a Star is an Ar 

plitude of of the Horizon, intercepted betyeer 

ral. that Point where the Star riſes or lets 

and the Eaſt or Weſt Point of the Hy. 

rizon; and is either Northern or South. 

ern. If the Amplitude be taken fon 

Riſing and the riſing of the Star, it is then call 

—_ its rifing Amplitude; if from the Place 
tude. Where it ſets, its ſetting Amplitude, 

That Point of the Ecliptic through 

which the Meridian of any Place paſſe 

The Mid- is called the Mid-heaven. And that 

heaven. Point of the Ecliptic which is diſtants 

quarter of a Circle from the Point 

Ninetieth Where it cuts the Horizon, is called 

Degree. the Ninetieth Degree. 

The Ele. The Height of the Pole above tit 

vation of Horizon is called its Elevation. And 

**%* this is echal to the Latitude of the 

Place; for either of them being added 

to the Diſtance between the Zenith and 

the Pole, makes juſt a quarter 014 

Circle (d). The 


. : 4 urin“ the 
44) From hence ariſes the Method of meaſuring 
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pain diſtinguiſhed by the Sphere they 
ke (aid to live in. Thus, ſuch as live 
Inder the Equator, have their Horizon 
bafling through both the Poles of the 
Farth, and cutting the Equator and all 
& Parallels at right Angles, and from 


hat the Days and Nights are of an equal 
Length all the Year long, and the Stay 
Which any of the heavenly Bodies make 


Fircumſerence of the Earth. For, let two Places be 
itched upon, lying North and South of each other, 
Such that the Elevation of the Pole in one ſhall exceed 
Elevation in the other by one Degree ſuppoſe, then 
Peaſure the Diſtance between the two Places in Miles: 
W hen as one Degree is to the Circumference of a Circle, 
r 360 Degrees, ſo is that Number of Miles to the 
WC ircumference of the Earth. By this Means the Cir- 
Wumference of the Earth is found ſuch, that the Length 
ef one Degree therein is equal to 69 Eng/i/h Miles. 
his Meaſure was firſt found out by our Countryman 
Norwood, and afterwards attempted by the French Ma- 
: ematicians, who twice applied themſelves to it by 
e King's Command, and diſcovered almoſt the ſame 
Wlcaſure that Norawood had done before. They took 
De Length of a paved Cauſey of near ſeven Miles, that 
Wics between Fes Village and Inviſium in Picardy, by 


be. 


auual Menſuration ; and then by a Sarvey from thence 
Nich the moſt accurate Inſtruments, they took the Diſ- 
Pance between Malcivin and Surdon, which lie almoſt in 
trait Line from North to South; in both which Places 
Py took the Height of the Pole, and from thence 
omputed the Circumference of the Globe. The Ma- 
Phematicians ſet over this Work were Monſieur Picard 


fü ficlt time, and Monſieur Caſſini the ſecond. 
above 


The Inhabitants of the Earth are 
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Shence are ſaid to live in a right Sphere. Right | 
he Property of which Sphere is this, Sphere. 
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Oblique 
Sphere. 


Parallel 
Sphere. 


Of the Doctrine Part Ix 


above the Horizon is equal to that 
which they make below it. The Rex 
ſon is, that all the Parallels of the 
Equator, in which the heavenly Bodies 
ſeem to perform their diurnal Reyoly. 
tion, are cut into two equal Parts b) 
the Horizon. 

Such as live between the Equator, 
and either Pole, have their Horizon 
croſſing the Equator and all its Paral. 
lels, leſs or more obliquely, as they lire 
leſs or more diſtant from the Equator, 
Hence theſe are ſaid to live in an ob- 
lique Sphere, and have all the Parallel; 
of the Equator cut into unequal Parts 
by their Horizon, ſo that neither the 
Sun nor any of the heavenly Bodies, 


unleſs they be in the Equator, make 


an equal Stay above and below their 
Horizon. 

To thoſe who live at the Poles of the 
Earth, if any ſuch there be, the Equa- 
tor is parallel to, or rather coincident 
with the Horizon, and all its Parallels 
are parallel to it; from whence this 15 
called a Parallel Sphere. The Property 
of. this Sphere is, that it is Day for halt 
the Year together, and Night for the 
other half. For the Equator and Ho- 
rizon being parallel, ſo long as the Sun 
continues on the ſame Side the Equator, 
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ſo long muſt its Stay be on the ſame 
side the Horizon, and conſequently fo 
Jong is it Day at one of the Poles, and 
Night at the other. And the fixed 
Stars do not riſe or ſet in this Sphere, 
becauſe they do not remove their Places 
from one Side of the Equator to the 
other, as the Sun and Planets are ob- 
ſerved to do. 

It is obvious, that in a right Sphere, 
the ſame Point of the Equator which 
comes to the Horizon with any Star, 
will alſo come to the Meridian with 
the ſame ; becauſe in this Sphere both 
the Horizon and the Meridian become 
Secondaries of the Equator. Now an 
Arch of the Equator intercepted be- 
tween this Point and the firſt of Aries, 


is called the right Aſcenſion of a Star, Right Af 
cenſton of 
a Star. 


But in an oblique Sphere it will not be 
ſo, but ſome other Point different from 
that which comes to the Meridian with 
it, will riſe with it, becauſe of the Obli- 
quity of the Horizon to the Seconda- 
ries of the Equator. And the Diſtance 
between this Point and the firſt of 


14 


Aries, is called the oblique Aſcenſion Oblique 


of a Star. And the Difference between ?<<nvon. 


Wc : T : Aſcenſio- 

its right and oblique Aſcenſion is term- nal Dit- 

ed its Aſcenſional Difference. ference. 
In 
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Circle of 


perpetual 
Appari- 
tion. 
Circle of 


perpetual 
Occulta- 


tion. 


Parallels 
and Cli- 
mates. 


Of the Doctrine Part Iv. 


In an oblique Sphere there is a P;. 
rallel of the Equator, ſo far diſtant 
from the Pole as is its Elevation aboye 
the Horizon, the Stars that are compre. 
hended within which ſeem to revolye 
about the Pole without ever riſing or 
ſetting, This is called the Circle of 
perpetual Apparition. There is another 
oppoſite to this, and at the ſame Dif. 


tance from the other Pole, called the 


Circle of perpetual Occultation ; be- 
cauſe the Stars that are included therein 
never appear above the Horizon. 

The ancient Geographers were wont 
to diſtinguiſh the different Regions of 
the Earth by Parallels and Climates, in 
ſuch manner, that in going from one 
Parallel to another, the Days at the 
Summer Solſtice ſhould be increaſed a 
quarter of an Hour. So that ſuppoſing 
the Equator to be the firſt Parallel, 
under which the Days are always 12 
Hours long, the next ſhould be where 
the longeſt Day of the Year ſhould be 
12 Hours and a Quarter long, &c. And 
two ſuch Parallels made one Climate, 
till we come to the Polar Circles. And 
from thence to the Poles they reckoned 
the Climate ſuch, that the Stay of the 
Sun aboye the Horizon was a whole 


Month 


4 
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- W Month different in one from what it 
was in the next contiguous one. 

As the Year of the Ancients was not 
preciſely adapted to the annual Motion 
of the Sun, as we ſhall ſee hereafter, it 
happened that the Seaſons did not al- 
ways fall on the ſame Part of their Year, 
{ that it was not accurate to denote the 
Time of the Year by the Day of the 
Month. It was therefore uſual with 
them to diſtinguiſh the Seaſons by the 
Coſmical, Achronical, and Heliacal riſ- 
ing and ſetting of the Stars. And be- The poe- 
cauſe we meet with theſe DiſtinRtions*** ing 


and ſet- 
moſt frequently among the Poets, they ting of 
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, are called the Poetical Rifings and Set- he Stars. 3 
© WT tings of the Stars. 3 
, A Star is ſaid to rife or ſet coſmically, E 
a WI when it riſes or ſets at Sun-riſing: And 4 
> WH when it riſes or ſets at Sun-ſetting, it is 1 
, laid to riſe or ſet achronically, A Star q 


riſes heliacally, when it emerges out of 
the Sun's Rays, and is got fo far from 
it as to become viſible: And it is ſaid 
to ſet heliacally, when it firſt immer- 


” gees into the Rays, and becomes invi- 
: ible (e). 


C e Kepler will have it, that theſe Words are to be 
e taken in another Senſe, ſo as that to riſe or {et coſmi- 
h cally ſtuall ſignify the ſame as to aſcend above, or de- 


icend below the Horizon; but that to riſe or ſet 
«chronically, is the ſame as to riſe or ſet in the Sun's 
Oppo- 
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poſite, or in the other Achron, or Extreme of the 
Night: In which Senſe Prolemy, and to this Day moſt 
Aſtronomers ſay, a Planet is achronical, when it i; 
oppoſite to the Sun, and ſhines all Night; ſo that to 
riſe achrohically is, as above, the ſame as to riſe when 
the Sun is ſetting ; but to ſet achronically, is to ſet 
when the Sun is riſing, which is commonly called the 
Coſmical Setting. 
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CHAP. XV, 


De Deſcription and Uſe of the Orrery 
and the Globes. 


J. HE Orrery is a Machine deſigned to 
repreſent at one View the real Mo- 
tions of the heavenly Bodies. In order to 
this, in the middle of a large Circle deſigned 
to repreſent the Ecliptic, is fixed a Globe re- 
preſenting the Sun, Next to the Sun a ſmall 
Ball repreſenting Mercury. Next to this is 
Venus repreſented by a larger. At a greater 
Diſtance ſtill from the Sun, 1s the Earth repre- 
ſented by an Ivory Ball. Round the Earth, 
at ſome Diſtance from it, is a Ring to expreſs 
the Orbit of the Moon, making an Angle 
with the Circle that repreſents the Ecliptic, 
and thereby ſhewing the Inclination they have 
to each other in the Heavens, and alſo the 
Line of the Nodes. Within this Ring is a 
imall Ivory Ball repreſenting the Moon, and 
having a black Cap or Caſe, which always 
covers that Hemiſphere which is turned from 
the Sun; and thereby diſtinguiſheth the en- 
lightened Part from the dark one. Beyond 
theſe is ſeen Mars, then Jupiter and its four 
Moons, and outermoſt of all is Saturn with 
its Ring and five Moons. 

All 
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All theſe are fixed upon ſmall Stems which 
ſeverally repreſent their Axes, each of which 
has its peculiar and proper Inclination to the 
Plane of that Circle which we ſaid was to re- 
preſent the Ecliptic: And when the Machine is 
put in Motion, all theſe Bodies move round that 
which repreſents the Sun, and at the ſame time 
both that and all thoſe which repreſent ſuch of 
the Planets as have been obſerved to have a 
Rotation about their Axes, turn round upon the 
faid Stems, and in their proper Times. The 
Moons alſo revolve about their Primaries at the 
ſame Time, and the Ring that repreſents the Orbit 
of the Moon has likewiſe its proper Motion, 
whereby that of its Nodes is alſo expreſſed. 

Theſe Bodies are all kept in Motion by 
Wheelwork concealed in a Caſe underneath, 
and turned by a ſmall Winch in the fide of the 
Caſe; one Turn anſwering to a Revolution of 
the Ball which repreſents the Earth, about 
its Axis; and conſequently to 24 Hours of 
Time. So that 27 Turns cauſes the Sun to 
turn once about its Axis, 365 carries the Earth 
about the Sun, 27 the Moon about the Earth, 
&c. So that not only the Motion of the Hea- 
venly Bodies may be repreſented, but their 
Situations: with reſpect to each other may be 
ſhewn for any Time either paſt or to come; (a) 


(a) This and the next Paragraph muſt be underſtood with 
ſome Limitation, Machines of this kind being ſufficiently 
adapted to common Uſe, though not accurate enough for this 
66, quack none of the Machines of this kind which have ye 
xeen made, being ſo contrived as to ſhew this with Accuracy. 
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by giving the Winch a proper Number of 
Turns backwards or forwards as the Caſe re- 
quires. 


There 1s vſually alſo a Lamp in a Caſe, 
with one or more convex Glaſſes in the fide 
of it, to throw a ſtrong light directly for- 
wards ; this Lamp being put in the Place of 
the Sun, and that fide of the Caſe which has 
the Glaſs in it directed towards the Earth, the 
Lamp being alſo contrived to turn according to 
the Motion of the Earth, a ſtrong Light is 
thereby continually thrown upon the Earth 
and the Moon, wherever they are, and ſo not 
only the Times in which the Eclipſes of the 
Sun and Moon, that is, properly of the Earth 
and Moon, will happen, are ſhewn, but they 
themſelves are duly repreſented. (a) 


I. As 


(a) Artificers generally erect upon the Ecliptic ſome Semi- 
circles, to repreſent ſome of the principal Circles of the Heavens. 
But this is wrong, and tends to Confuſion ; becauſe theſe Circles 
being only imaginary, and ariſing from the apparent Motions of 
the heavenly Bodies, ought to have no Place in the Orrery : 
Which as it expreſſes their rea/ Motions, ſerves to explain, yet 
is by no means intended to repre/ent their Phenomena; the Phe- 
nomena and real Motions being in ſeveral Cafes directly con- 
trary to one another. To be particular, they have in ſome 
affixed the two Extremities of a Semicircle, which they call a 
moveable Horizon by two Hinges to the Ecliptic, at the firſt 
Degree of Aries and Libra; this is as if all Horizons neceflarily 
paſſed through theſe Points, which is impoſſible, becauſe there 
are as many Horizons as Points upon the Earth. So that the 
putting on this Circle is not only an Impropriety, but is at- 
tended with a neceſſary Blunder. A learned Expoſitor of the 
Orrery ſays, when this Machine is ſet to any Latitude, (for 
they have a Contrivance for that too) ſet the moveable Ho- 
rizon to the ſame Degree upon the Meridian, and you oy 
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II. As the Orrery is a Machine proper to 
repreſent the real Motions of the Heavenly 
Bodies, ſo the Globes are adapted to their ap- 
parent Motions: And that I may give the 
Reader a juſt and adequate Idea of them, I 
ſhall premiſe the following Deſcription of a 
Machine, which though imaginary, will greatly 
tend to the true Conception both of their Nature 
and Ules. 

In order to this, let us conceive a large 
hollow Sphere repreſenting the inſide of the 
Heavens, and on the inner Surface of this Sphere 
let the Sun, Moon, and Stars, be ſuppoſed to 
be delineated in their proper Places; and let 
the Sphere be put into a Frame, and hang 
there in ſuch a Manner, as that it may be ca- 
pable of turning about an Axis: And let it be 
ſo contrived, that either end of the Axis may 

be raiſed or lowered at Pleaſure, 


form an Idea of the reſpective Altitudes, or Depreſſions of the 
© Planets above or below the Horizon, according to their re- 
« ſpective Poſitions, with regard to the Meridian. 

Now the Idea which the Motion of the Orrery in this Poſition 


gives me, is that the whole Earth is one half of the Year above | 


the Horizon, and the other half below it. For the Ball which 


repreſents it in the Orrery is manifeſtly ſo, while it performs its 
Revolution about the Sun. 


Again, ſome Artiſts, in order to make the Orrery repreſent the | 


ſeveral Phaſes of the Moon, make one half of the Ball that 
repreſents her black; in which caſe they are obliged to contrive 
it ſo, that the ſame fide of the Moon ſhall not be always turned 
towards the Earth; which is contrary to her real Motion, or 


that the dark fide ſhall ſometimes be turned towards the Sun, 


which is abſurd, 


In 
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In the midſt of this Sphere, let there be a 
ſmall Ball to repreſent the Earth, but o fixed 
there, as not to turn round with the Sphere, 
and let a Spectator be ſuppoſed to be placed on 
the uppermoſt Point of this Ball; and to pre- 
vent any Part of the lower half of the Sphere 
from being viſible to him, let a Plane, that is, 
a thin broad Subſtance, a Plate of Braſs for In- 
ſtance, be ſuppoſed fixed on that Point of the 
Ball where the Spectator ſtands, and to reach 
on all ſides as far as the inner Surface of the 
Sphere: This will repreſent the Horizon of 
that Spectator; becauſe it ſeparates the upper 
half of the Sphere, which we are to ſuppoſe 
viſible to this Spectator, from the lower, which 
we muſt ſuppoſe to be out of his Sight. Then, 
as 1s moſt obvious, by turning this Sphere 
once round, while the Ball, the Spectator, and 
the aforeſaid Plane remain unmoved, the ritin 
and ſetting of the Sun, Moon, and Stars, by 
their paſſing by the Edges of this Plane, will 
be duly repreſented (a): And thoſe Stars 
which do not go down ſo low as the Plane 
(as 1s evident if one end of the Axis of the 
Sphere be above it, ſome will not,) will be 


thoſe which never ſet to a Spectator on that 


Part of the Earth, which correſponds with the 


(a) The Reader is to ſuppoſe here, that in this caſe the 
Sphere is not hung in its Frame in ſuch mauner, that one Ex- 
tremity of its Axis ſhall be directly over the Spectator; becauſe 
in that caſe none of the Heavenly Bodies in turning the Sphere, 
will paſs by the Edge of the Plane. 
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152 The Deſcription and Uſe Part IV. 
uppermoſt Point of the Ball; thoſe which 
during the whole Revolution, do not rife ſo 
high as to come above it, will be thoſe which 
never riſe. 

Again, if we ſuppoſe a Circle as large as the 
inſide of the Sphere will admit of, to be placed 
within it, in ſuch manner as to have the Axis 
of the Sphere paſſing through two oppoſite 
Points of it, -and alſo to have. one Point of 
it directly over the Head of the Spectator, 
and the oppoſite one directly under his Feet, 
and to remain unmoved while the Sphere 
turns: This will repreſent the Meridian of 
that Spectator; and ſo the Culminations of 
the Heavenly Bodies, that is, their paſſing the 
Meridian in the Heavens, will be exhibited by 
their paſſing by this Circle. 

Farther, if we alſo imagine an Index like 
the Hand of a Clock, to be fixed upon one 
of the Extremities of the Axis of the Sphere, 
in ſuch manner as to turn with the Sphere, and 
to point continually to a Circle fixed on the 
Frame, with the 24 Hours delineated upon it; 
and if this Index be ſet to point to the Hour 
12, when the Sun's Place upon the Sphere for 
any given Day, is at the Circle that repreſents 
the Meridian, then by turning the Sphere this 
way or that, till the Place of the Sun or any 
of the Stars comes to the Plane abovemen- 
tioned, the Index moving along with the Sphere, 
will point to the Hour at which they riſe or 
ſet that Day: And if we obſerve to 1 

our 


Chap. XV. of the Orrery, &c. 153 


| Hour the Index points, when any of them 
| croſſes the Meridian within the Sphere, the 
Time of their Culmination, or Southing, will 
be expreſſed: And ſo by this Machine all 
Problems relating to the riſing, ſetting, and 
ſouthing of the Sun, Moon, and Stars, may be 
ſolved. The Reaſon why the Index muſt be 
ſet to point to the Hour 12, when the Place 
of the Sun is brought to the Meridian, is that 
it may point to that Hour, which the real Sun 
indicates, when the Heavens ſtand in a Poſi- 
tion correſponding with that of our imaginary 
Sphere. 
But ſince by means of the annual Motion of 
the Earth round the Sun, the Sun continually 
ſhifts its apparent Place in the Heavens in ſuch 
manner, as to ſeem to deſcribe a great Circle 
once a Year; it is evident that its Place cannot 
be delineated on the infide of this Sphere as 
we have ſuppoſed, unleſs it be for a Day or 
a few Hours, during which Time its change 
of Place is ſo ſmall that it may be neglected. 
In like manner the Planets are continually 
changing their apparent Places in the Heavens, 
by means of their Motions in their reſpective. 
Orbits; neither therefore can their Places be 
aſſigned them, unleſs for a very ſmall interval 
of Time. Let us then imagine both the Sun 
and the Planets to be repreſented by little Balls 
adhering to the inner Surface of the ſaid Sphere; 
but let it be ſo contrived, that each Ball ſhall 
ſhift its Place with every Turn of the Sphere, 
U 4 juſt 
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juſt ſo much, and in the ſame Direction that 
the Sun or other heavenly Body the Ball re. 
preſents, appears to ſhift its Place in the Heavens 
in one Day: And let the Index ſhift with the 
Sun, ſo that it may always point to 12, when 
the Place of the Sun comes to the Meridian, 
Then, as is moſt obvious, will our Machine 


be ſo adapted, that upon turning it round con- 


tinually, the Change of the Time of the rifing 
and ſetting of the Sun, its different Meridian 
Altitude, the viciſſitude and length of Day 
and Night, the alteration of the Time of the 
riſing and ſetting of the fixed Stars and of the 
Planets, for ſo many Days running, as 1s the 
Number of Turns given to the Globe, will all 
be exhibited to View: And conſequently by 
turning the Sphere 365 Times round, the Suc- 
ceſſion of the Seaſons will be repreſented 
throughout the Year with abundance more, 


or rather will all the remaining Phenomena 


of the Heavens. 
This Machine, as hitherto deſcribed, ſerves 
only to exhibit the Phænomena of the Heavens 


as they appear on one Point of the Earth's 


Surface, v!z. that which is repreſented by the 
uppermoſt Point of the Ball, or that where the 
Spectator was ſuppoſed to ſtand, But if we 
imagine the Plane which was put as a Boun- 
dary to the Spectator's Sight, to be applied to 
ſome other Point of the Ball and fixed there, 
then the Motion of the Sphere will exhibit 
the Phænomena, as they would appear to a 

| | Spectator 
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Spectator on that Part of the Earth, and ſo for 
the reſt; or which comes to the ſame thing, if 
while the Plane remains unmoved, one of the 
Poles of the Sphere be elevated above it as 
many Degrees as the correſponding Pole in the 
Heavens is above the Horizon of a Spectator, 
on any Part of the Earth; then will the Re- 
yolution of the Sphere repreſent the Phæno- 
mena as they appear to that Spectator. For 
it is the ſame Thing whether the Pole be 
lifted up from the Horizon, or the Horizon 
put down below the Pole. (a) 

Now this Machine (except in ſome few 
Particulars, in which it vaſtly excels the celeſ- 
tial Globe) is exactly the ſame with it as to its 
Uſes. Thus, the Globe turns upon an Axis, 
either End of which may be raiſed or depreſſed 
at Pleaſure; and on one of them is an Index 
that turns with the Globe, and points to a fixed 
Circle that has the Hours upon it. There is 
no Ball is the middle, as we ſuppoſed in the 
Machine, but the Place of the Spectator is al- 


(a) By means of an Orrery to repreſent the real Motions 
of the heavenly Bodies, and ſuch a Machine as above deſcribed, 
to ſhew afterwards how the apparent Motions of thoſe Bodies 
depend on, and are connected with their real ones, the Elements 
of Aſtronomy might be taught much better than by any thing 
that has as yet been contrived; or rather, if I may fo ſay, the 
Science itſelf might thereby be exhibited to View. For the 
Orrery, though it admirably well illuſtrates ſome Things, par- 
ticularly the Eclipſes, and in general what relates to the Motions 
of the Planets about the Sun, yet it ſhews the Appearances or 
Phznomena ariſing from thence to a Spectator, ſuppoſed to be 
at reſt upon the Surface of the Earth, but in a forced and unna- 


tural Way. 
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ways ſuppoſed to be there; and inſtead of the 
Plane we ſuppoſed to touch that Part of the 
Ball on which the Spectator ſtands, and to be 
extended every way as far as the inner Surface 
of the Sphere, there 1s a broad wooden Circle 
on the outſide of the Globe, (which is Part 
of the Frame of it) exactly where that Plane 
would paſs, was it continued beyond the Sur- } 
face of the Globe, and ſo anſwers the Uſes of 
that Plane. In the next Place, inſtead of the 
Circle we ſuppoſed fixed within the Sphere and 
paſſing through the Zenith and Nadir of the 
Spectator, and through which the Axis of the 
Sphere paſſes, there is a brazen Circle on the 
outſide of the Globe, and in which it ſwings. 


And inſtead of the Stars being on the inner 


Surface, they are here on the outer one, and 
the Conſtellations are delineated in their proper 
Forms. Then as to the Places of the Sun 
and Planets, Artificers are content to leave 
them quite out, and only draw a great Circle 
repreſenting the Path of the Sun in its annual 
Courſe through the Heavens, viz. the Ecliptic, 
and diſtinguiſh it into 12 Parts by the Signs 
thereof, and each Sign into 30 leſs, which 
are the Degrees thereof. When therefore a 
Problem is to be determined by the Globe, 
requiring that the Sun ſhould be delineated in 
its proper Place, you are to look out the Place 
of the Sun for the given Time in ſome aſtro- 
nomical Tables, Ephemeris, or Almanack for 
that Purpoſe, or on the broad Surface of the 

Horizon 
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Horizon of the Globe, where there is uſually 
2a Table ſhewing the Sun's Place in the Ecliptic 
for every Day of the Vear, and then to mark 
its Place on the Line which we ſaid repre- 
ſented the Path of the Sun upon the Globe. 
In like manner, if a Problem is to be ſolved 
requiring the Place of any of the Planets, the 
Place of the Planet for the Time given muſt 
be looked out in ſome Ephemeris or Almanack, 
of which there are many publiſhed yearly by 
Parker, and others, for that Purpoſe, containing 
Tables expreſſing the Longitude and Latitude 
of each Planet for every Day of the Year; 
and marking the Place of the Planet upon the 
Globe, by ſticking on a Patch, or the like, and 
ſetting the Index according to the Place of the 
Sun for the given Time, and turning the Globe 
about, the Index will ſhew the Time of that 
Planet's coming to either Side of the Horizon, 


to the Meridian, or to any Height above or 
below the Horizon, c. 


If then the Reader will form to himſelf a 


true Idea of the Machine I have deſcribed, and 
of the manner in which ſuch a Machine is ca- 
pable of repreſenting the apparent Motions of 
the heavenly Bodies, he cannot fail of having 
a thorough Notion of the Nature of the ce- 
leſtial Globe; the main Difference between 
them being only this, viz. that what we have 
ſuppoſed in the one to be on the Infide, is 
either actually in the other on the Outſide, or 
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to be fixed on, or to have its Place marked 
there, as Occaſion requires. The uſes both of 
the celeſtial and terreſtrial Globe, as to parti. 
cular Caſes, will be further illuſtrated by the 
Inſtances at the End of this Chapter, after we 
have conſidered ſome other Particulars relating 
to each. 

The Circles delineated on the celeſtial Globe 
are uſually, beſides the Ecliptic abovementioned, 


the Equinoctial Circle at an equal Diſtance 


from either Pole, and two Parallels of it, viz. 
one on either ſide, to repreſent the apparent 
diurnal Motion of the Sun, when at its 


greateſt Diſtance from the Equator, called 


the Tropics; and at the like Diſtance from 
either Pole, two more Parallels called the polar 
Circles. Both the Ecliptic and the Equinoctial 
are divided into Degrees, beginning at the 
Point that repreſents the vernal Equinox, 
which is one of thoſe where they croſs each 
other; the Equinoctial into 360, but the 
Ecliptic into 12 Signs, diſtinguiſhed by their 
proper Characters, every one of which is ſub- 
divided into 30 Degrees (a). There are alſo 
fix Secondaries of the Equator, and as many 


(a) As to the Diyiſions of the Ecliptic, it is to be obſerved, 
that the Degrees belonging to each Sign are not to be found 
where the Conſtellation whoſe Name it bears is delineated, but 
where the Character peculiar to that Sign is placed. The Reaſon 
of which is, becauſe the firſt Degree of Aries, from whence all 
the reſt are counted, being where the Equinoctial cuts the 
Equator, is not in this Age in any Part of the Conſtellation that 
bears that Name, as was accounted for above. | 
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of the Ecliptic cutting it in the firſt Degree 
of each Sign; two of which are alſo Seconda- 
ries of the Equator, v/z. the Equinoctial and 
Solftitial Colures. Further, the Globe is fo 
hung in its Frame, that that Side only of the 
brazen Meridian which has the Degrees marked 
upon it, paſſes through the Axis of it, which 
Side only, in all Caſes where that Meridian is 
conſidered, 1s therefore ſuppoſed to repreſent it. 
Upon the broad Surface of the wooden Hori- 
zon, beſides the innermoſt Circle divided into 
its proper Degrees, there is a Table ſhewing 
what Degree of the Ecliptic the Sun is in for 
every Day of the Year, as was obſerved above; 
in order to which the 12 Signs of the Ecliptic, 
with the Degrees of cach, and the 12 Calendar 
Months, are ſo placed over-againſt one another, 
both according to the Julian and Gregorian 
Account, that is, according to the old and new 
stile, as that the Days of the one may duly 
anſwer to the correſponding Places of the Sun 
upon the other. There is alſo a Circle, repre- 
ſenting the Winds or Points of the Compaſs. 
There is alſo belonging to the Globe a Qua- 
drant of Altitude. It is a long and narrow 
Plate of Braſs, made ſo thin and pliant, that 
the whole Length of it may be applied cloſe to 
the Surface of the Globe, and having the De- 
grees upon it, (a) ſerves to meaſure the Diſtances 


(a) That Edge which has the Degrees neareſt it, is called its 
graduated Edye, and is the only part of it chat is conſidered in 
the uung it. 

of 


1 
— . . ———— 


Ce ů—ð U — — 8 ot 
ä — * 
* 


» ww. 
_— ww] * 
My 


— — — — — 
7 INT 


160 The Deſcription and Uſe Part Iv. 


of Places on the Globes; or being fixed on to 
the uppermoſt Point of the Meridian of the 
celeſtial Globe, (for which Purpoſe it has a 
Screw at one End) and having the other End 
thruſt in between the Horizon and the Globe, 
meaſures the Height of a Star, or other Hea- 
venly Body above the Horizon, &c. From 
which latter Uſe it has its Name. 


The terreſtrial Globe differs from the ce- 
leſtial principally, in that inſtead of the Con- 
ſtellations, the ſeveral Countries of the Earth 
are delineated thereon ; and the Circles on this 
Globe are uſually the Ecliptic, and the Equa- 
tor, on which are numbered the Degrees of 
Longitude (2), the two Tropics, the two polar 
Circles, Secondaries of the Equator cutting 
it at every tenth Degree, and Parallels alſo 
of it at every tenth Degree on each Side. 
There are alſo drawn upon it Rhumb Lines, or 
thoſe which a Ship, keeping the ſame Courſe, 
that is, ſteering continually in the ſame Point 


of the Compaſs, deſcribes upon the Surface of 


the Sea. The Property of a Line of this 
kind, is that it cuts all the Meridians it paſſes 
through, under the ſame Angle, and therefore 
is a kind of Spiral continually approaching to- 


wards ſome Point. This is called a Loxodro- 
mic Curve. 


(a) On ſome Globes, the Degrees of Longitude are numbered 


both ways from the firſt Meridian, till you come to the oppoſite 


Point, and the Longitude is accordingly diſtinguiſhed into Eaſt 
and Weſt, | | 
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The Lines of Variation deſcribed upon the 
terreſtrial Globe, ſhew the Direction of the 
magnetic Needle, in thoſe Places in which it 
does not point directly towards the North. 
For it is obſerved, that the Needle in ſome 
Parts of the World declines from the North 
to the Eaſt, and in others to the Weſt. 

Further, on the Pedeſtal of ſome Globes 
there is a Mariner's Compals fixed, by the help 
of which, the brazen Meridian of the Globe 
may be {ct North and South. (a) 


After this Deſcription of the Globes, and 
general Idea of the Uſe thereof, it may now 
be proper to exemplify the latter by the fol- 
lowing Inſtances. 


And firſt of the celeſtial Globe. 


Problem I. To rectiſy the Globe to the 


Latitude of any Place upon the Sur- 
face of the Earth. 


If the Place be in the Northern Hemiſphere 
of the Earth, ſlide the Meridian within the 


(a) The Armillary Sphere comes the neareſt of any we have 
to that imaginary Machine deſcribed above, for it is hollow, 
and has a Ball in the middle to repreſent the Earth ; but then 
in all other Reſpects it is like a Globe, except that the Surface 
is cut away every where, (unleſs where a Circle is deſcribed) 
that you may ſee the Ball in the middle. There is one Circle 
left broad enough to repreſent the Zodiac, on which the Places 
of the Sun and Planets may be marked, as Occaſion requires. 
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Notches of the Horizon, till there be as many 
Degrees of the Meridian between the North 
Pole and the Horizon, as are equal to the La- 
titude of the Place (a). If the Place be in the 
Southern Hemiſphere, the Southern Pole muſt 
be raiſed to a like Height above the Horizon, 


Pros. II. To find what Stars never 
riſe or never ſet in any Place or 
Latitude given. 


The Globe being rectified to the given La- 
titude of the Place by Problem the firſt, thoſe 
Stars which · paſs not under the wooden Hori- 
zon of the Globe, during its whole Revolution, 
never ſet to a Spectator in that Latitude: And 
ſuch as do not come up above it, never aſcend 
above that of the Spectator, and ſo never are 
ſeen to riſe. 


(a) The Reaſon of this is, becauſe to a Spectator, upon any 


Part of the Earth, the Elevation of the Pole is equal to the La- 


titude of the Place; and the Globe is ſaid to be redified by this 
Operation, becauſe, by this means, that Point of the little Ball, 
(for ſuch we muſt always ſuppoſe to be in the middle of the Globe, 
to repreſent the Earth) that correſponds to the Place of the Spec- 
tator upon the Earth, is brought to the uppermoſt Point thereof; 
and ſo the Horizon thereof becomes coincident with the Plane of 
the wooden Horizon that ſurrounds the Globe, and the Poles 
of the Globe having the like Situation with reſpe& to the up- 
permoſt Point of the Ball, that the Poles of the World have 
with reſpect to the Place of the Spectator; it is evident that the 
Revolution of the Globe is fitly diſpoſed to exhibit that of the 
Heavens, as it would appear to that Spectator, | 
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Pros. III. To find the Sun's Place in 
the Ecliptic, for any Day given. 


If the Day given be according to the Julian 
Account, or old Stile, then in the wooden 
Horizon of the Globe, in the Jian Kalen- 
dar, otherwiſe in the Gregorian, find the Day 
given, over-againſt which in a Circle, which 
contains the ſeveral Signs and Degrees of the 
Ecliptic, is that Degree in which the Sun is on 
that Day. Though it may be found more 
accurately by an Ephemeris calculated for 
that Year. Then in the Ecliptic, delineated 
on the Surface of the Globe, look for the ſame 
Degree, and that is the Place of the Sun upon 
the Globe for that Day. | 


Pon. IV. The Latitude of a Place 
being given, to find the Time of the 
Sun's viſing and ſetting, and con- 
ſequently the Length of Day and 
Wight in that Place. 


Having rectified the Globe according to the 
Latitude, (by Prob. 1.) and found the Sun's 
Y Place in the Ecliptic (by Prob. 3.) bring the 
Itter to the graduated Edge of the brazen Me- 
J fidian, and holding the Globe in that Poſition, 
| X let 
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ſet the Hour Index to 12 at Noon; (a) then 
turn the Globe till the Sun's Place in the 
Ecliptic comes to the eaſtern Part of the Hori. 
zon, and the Index will point to the Hour at 
which the Sun riſes; and if you turn the Globe 
till the Sun's Place cuts the weſtern Side of 
the Horizon, the Index will ſhew the Time of 

its ſetting. I 


Pros. V. To find the Hour of the 
Day, by the Height of the Sun. 


Firſt, by the Help of a Quadrant or ſome 
other Inſtrument for that Purpoſe, obſerve how 
many Degrees the Sun is elevated above the 
Horizon. Then the Globe being rectified to 
the Latitude of the Place, and the Sun's Place 
in the Ecliptic found, and the Hour Index 
duly placed, that is, ſo as to point to 12 at 
Noon, when the Sun's Place is under the 
Meridian ; and ſcrewing the Quadrant of Alti- | 
tude on to the Meridian at the Zenith, (7. e.) 
at ſo many Degrees from the Equator, as is the 
Latitude of the Plate. Turn the Quadrant of 
Altitude and the Globe backwards and for- 


(a) Becauſe when the Place of the Sun is in the Meridian, 
the Globe repreſents the Poſition of the Heavens, in reſpect of 
the given Place, as they are at Noon, or 12 o'Clock of the Day | 
given. And conſequently, if the Hour Index be put to 12, | 
when the Globe is in this Poſition, as it turns with the Globe, 
it will point to the Hour that correſponds with any other Poſition | 
of the Globe that Day, 2 


wards, 


f 
f 
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wards, till the Sun's Place in the Ecliptic lies 
under that Degree on the graduated Edge of 
the Quadrant of Altitude, which anſwers to 
the Sun's Height found as above, then will 
the Hour Index point out the Time of the 


Day. (a) 


Pros. VI. To find the Hour of the 
Wight, by the Height of a Star. 


The Height of the Star being found by an 
Inſtrument, the Globe rectified, the Quadrant 
of Altitude fixed, and the Hour Index duly 

laced, as in the foregoing Problem, move the 
Globe and the Quadrant, till the Star comes 
under its graduated Edge, at that Degree 
which expreſſes the Height of the Star above 


the Horizon, then will the Hour Index point 
to the Hour of the Night, 


Pros, VII. To find the Place of a Star 
or Planet por the Globe, its Lon- 
gitude and Latitude being given, 


Lay the firſt Degree of the Quadrant of 
Altitude, upon that Degree of the Ecliptic, 
which expreſſes the given Longitude, and the 
ninetieth Degree thereof on the Pole of the 


(a) Becauſe when the Sun's Place is brought to this Point of 
the Globe, it is ſo many Degrees above the Horizon, as the 
dun itſelf is above that of the Spectator, E 


X 2 Ecliptic, 
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Ecliptic, (that is, where its Secondaries croſs 
each other upon the Globe) either Northern or 
Southern, as the given Latitude is North or 
South: Then look upon the Quadrant for the 
Degree of Latitude given, and the Point of 
the Globe which is under that, is the Place of 
the Star or Planet ſought. (a) 


Pros. VIII. To repreſent the Appear- 
ance of the Heavens at any Time of 
the Wight; that is, to ſbew the Si- 


zuation of the fixed Stars at that 
Time. 


Rectify the Globe, and ſet the Hour Index 
to the Sun's Place in the Ecliptic, and turn the 


Globe till the Index points to the Hour of the 
Night. (5) | 


PROB3. 


(a) The Reaſon of this is, becauſe the Quadrant of Altitude 
in this Situation, repreſents a Secondary of the Ecliptic, an Arch 
of which interſected between the Star and the Ecliptic is its La- 
titude; and an Arch of the Ecliptic between the Point where it 


is interſected by a Secondary paſling through the Star, and the 
firſt Degree ot Aries, is its Longitude, 


(4) For then the Situation of the Stars upon the Globe, with 
reſpect to the Horizon and Meridian, will be ſimilar to that of 
the Stars in the Heavens; 41x. thoſe which appear on the 
Eaftern Side the Globe in the Horizon will then be riſing, and | 
thoſe in the Horizon at the other Side will be ſetting, thoſe 
which are under the Mcridian will then be culminating, &c. 

And if by means of a Compaſs vpon the Pedeſtal of the Globe, 
you ſet the brazen Meridian North and South, ſo that the _ 
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ProB. IX. The Day of the Year and 
the Latitude of the Place being given, 
zo find the Beginning of the Morning, 
and End of the Evening Twilight. 


The Globe being rectified to the Latitude 
of the Place, and the Hour Index ſet to the 
Place of the Sun in the Ecliptic, elevate that 
Degree of the Ecliptic which is diametrically 
oppoſite to the Sun's Place, 18 Degrees above 
the Weſt Side of the Horizon (a), and the 
Hour Index will ſhew the Time of Day-break 
or the Beginning of Morning Twilight. And 


Part of it ſhall reſpe& the South Part of the Heavens, the Si- 
tuation of the Stars upon the Globe, with reſpect to the Points 
of the Compaſs, will alſo be ſimilar to that of the Stars in the 
Heavens at that Time; ſo that by comparing the Situation of 
the Stars upon the Globe, with thoſe in the Heavens, you may 
ealily make yourſelf acquainted with all the Stars, that are 
viſible in this Part of the World. | 

If the Situation of the Moon or the other Planets is alſo to 
be repreſented, their Places in the Zodiac for that Time mutt be 
aſſigned them by Problem the laſt, their Longitude and Latitude 
being firſt found by an Ephemeris for that Purpoſe. 


(a) Becauſe then the Place of the Sun will be ſo many De- 
grees below on the other Side, in which Situation of the Sun, 
we obſerv'd above, that the Twilight begins. The Quadrant 
of Altitude will ſhew when the Point oppoſite to that of the 
Sun is 18 Degrees above the Horizon. If this be tried for any 
Time while the Sun is paſſing from about the 5th Degree of 
Gemini, to the 20th of Cancer, that is, from about the i5rh of 
May to about the 7th of July, it will de found that there 15 no 
Beginning or End of Twilight, the Sun never being 18 Degrees 
below the Horizon (in the Latitude of London) during that Time. 
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168 The Deſcription and Uſe Part IV. 
if the ſame Point of the Ecliptic be raiſed 18 
Degrees above the Eaſt Side of the Horizon, 
the Index will point out the Time when the 
Evening Twilight ends. 


Pros. X. To account for the Phæno- 
mena of the Harveſt Moon. 


About the autumnal Equinox, when the 
Moon is at or near the Full, it riſes almoſt at 
the ſame Hour for ſeveral Nights together; which 
Phenomenon is called the Harveſt Moon (a). 
In order therefore to ſhew by the Globe how 
this comes about, let us ſuppoſe the Place of 
the Sun to be in the firſt Degree of Libra, as 
it always is at that Equinox, and that of the 
Moon to be in the Point oppoſite to the Sun, 
or the firſt Degree of Aries, becauſe the 
Moon muſt be confidered as being at or near 
the Full. In this Caſe it is obvious that the 
Moon will rife when the Sun ſets, which will 
be at Six of the Clock ; becauſe both Lumi- 
naries are in the Equator and at oppoſite Points. 
Now fince the Moon performs an entire Revo- 
lution in its Orbit, (which we will at preſent 
conſider as coincident with the Ecliptic) in the 
Space of one Month, it therefore advances for- 
wards 12 Degrees each Day, and conſequently 


(a) Mr. Johnſon calls this Phænomenon Luna autumnalic, and 
is the only Author that I know of that has accounted for it. 
Quæſtiones Philoſoph, Edit, 2da. Page 124. ch 
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the next Night it will be in the 12th Degree 
of Aries. Let us then enquire at what Time 
the Moon will riſe this Night. To this End, 
rectify the Globe to the Latitude of the Place, 
bring the Sun's Place, which is now the ſecond 
Degree of Libra, to the brazen Meridian, and 
put the Hour Index to 12; and if the Globe 
be turned till the Place of the Moon, vig. the 
12th Degree of Aries, cuts the eaſtern Side of 
the Horizon, we ſhall find the Hour: Index 
will point nearly to the Hour of Six, which, 
as obſerv'd above, was the Time of the Moon's 
riing the Evening before. And thus if we 
inveſtigate the Time of the Moon's riſing for 
ſeveral Nights together, both before and after 
the Full, it will be found much the ſame in all. 

The Reaſon of this is, that about the Time 
of the full Moons, which happen at this Part 
of the Year, the Moon being in the aſcending 
Signs of the Zodiac, appears in its nocturnal 
Courſe to deſcribe a Parallel of the Equator 
one Night, much nearer the North Pole than 
another, and ſo riſes every Night more and 
more to the Northern Parts of the Horizon, 
and that conſiderably, as paſſing quite from 
the Southern to the Northern Tropic in a 
Fortnight's Time. Now it is eaſy to conceive 
that the nearer any of the Heavenly Bodies 1s 


to the North Pole, the ſooner that Body 


(ceteris paribus) aſcends the Horizon : Thus, 
if the Body be within a little of the Czrcle -of 
perpetual Apparition, that Body is no ſooner 
ſet but it riſes again, In every Lunation there- 

X 4 fore, 
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fore, While the Moon is paſſing from the 
Southern to the Northern Tropic, ſome Mi- 
nutes are on that Account to be deducted from 
thoſe by which it would riſe later and later 
each Night, did the Plane of its Orbit coincide 
with that of the Equinoctial; and as much is 
to be added while ſhe paſſes from the Northern 
to the Southern Tropic. And for the like 
Reaſon in the former Caſe ſomething is to be 
added to the Time it would ſet at; and in the 
latter a like Quantity is to be deducted. 

Now about the Time of the autumnal Equi- 
nox, the Sun being then in Libra or there- 
abouts, the Moon is in the midſt of the aſcend- 
ing Signs, when at the Full. Hence it is that 
the full Moons at that Time of the Year, riſe 
ſo little later the one than the other. 

In like manner, if any one thinks it worth 


| while to obſerve it, he will find that the neu 


Moons in the Spring, riſe nearly at the ſame 
Hour for ſeveral Nights ſucceſſively, while the 
full Moons ſhall riſe one later than another, by 
2 greater Difference than at any other time of 
the Year. The Reaſon is, becauſe at the time 
of the new Moons, which happen at that Part 
of the Year, the Moon is in the aſcending Signs, 
but at the full, in the deſcending ones. (a) 


(a) It is here to be obſerved, that this Phænomenon is nat the 
ſame as to Nevree, in different Years; becauſe as the lunar 
Orbit is inclined to the Ecliptic 5 Degrees, and the Line of its 
Nodes is contn ally revolving round, the Inclination oi that 
Orbit to the Equatyr will be ſon<times 10 Degrees greater than 
at others So that the Moon docs not haſten to the North, or 


deſcend to the South in cach Revolution wich equal Pace. 
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PROB. XI. To determine the Time of 
the Year in which a Star riſes or ſets 
Coſmically, or Acronically, 


Having rectified the Globe to the Latitude 
of the Place, bring the Star to the Horizon on 
the Eaſtern Side of the Globe, and obſerve 
what Degree of the Ecliptic riſes with it. 
Look for that Degree in the wooden Horizon, 
and right againſt it in the Kalendar, you will 
find the Month and Day when that Star riſes 


coſmically (a). And if you bring the Star to 


the Weſtern Side of the Horizon, the Degree 
of the Ecliptic which cuts the Eaſtern Side 
of the Horizon in that Situation of the Globe, 
will give the Day of the Month when the 
ſaid Star ſets coſmically (5). So likewiſe againſt 
the Degree which ſets with the Star, you will 
find the Day of the Month of its Acronical 
ſetting; and if you bring it to the Eaſtern 
Part of the Horizon, the Degree of the Eclip- 
tic which then cuts the Weſtern Part of the 
Horizon will be the Sun's Place when the 
Star riſes Acronically. 


(a) For that will be the Day when the Sun and the Star riſe 
at the fame time, which is its coſmical Kiſing. 
(5) The coſmical ſetting of a Star being its ſetting at Sun-riſe. 


PROB, 
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Pros. XII. 7 find the Time of the 
Heliacal ring and ſetting of a Star, 


Having rectified the Globe to the Latitude 
of the Place, bring the Star to the Eaſtern 
Side of the Horizon, and apply the Quadrant 
of Altitude to the Weſtern Side in ſuch manner 
that its twelfth Degree may cut the Ecliptic, 
if the Star be of the firſt Magnitude (a). Then 
will the Point of the Ecliptic oppoſite to that 
which is cut by the Quadrant, be 12 Degrees 
below the Horizon. Look for this Degree on 
the wooden Horizon, and over-againſt it you 
will have the Day of the Year, when the Star 
riſes Heliacally. To find the Heliacal ſetting, 
bring the Star to the Weſtern Side of the Ho- 
rizon, and turn the Quadrant of Altitude about 
to the Eaſtern Side, till the 12th Degree of it 
cuts the Ecliptic; then that Degree of the 
Ecliptic which is oppoſite to this Point, is the 
Sun's Place at that Time of the Year when the 
Star ſets Heliacally. 


(a) Becauſe: a Star of the firſt Magnitude being above the 
Horizon, may be ſeen when the Sun is 12 Degrees below it. If 
the Star be of the ſecond Magnitude, that Degree of the Ecliptic 
muſt be taken, which is 13 Degrees below the Horizon when 
the Star nies ; if of the third, then the 14th, Oc. 


 PRoOB, 
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Pros. XIII. The Day of the Month, 
the Time of the Day, and the Lati- 
tude of the Place being given, to find 


thereby the Hour of the Day, accora- ' 


ing to the Babylonic, Italic, and the 
Judaical Way of reckoning. 


1. To find the Babylonic Hour (which is 
reckoned from the Time of the Riſing of the 
Sun) having found the Time of the Sun's riſing 
in the given Latitude, the Number of Hours 
between that and the Time given, is the Hour 
of the Day according to the Babylonic Way of 
reckoning. 

2. To find the Talic Hour (which is 
reckoned from Sun ſetting) firſt find the Time 
at which the Sun ſets on the given Day. The 
Time elapſed from that to the Time given, 
will give the Falic Hour ſought. | 

3. To find the Hour of the Day according 
to the Jew:/h Way of reckoning (one of which 
Hours is a twelfth Part of the Time that the 
Sun continues above the Horizon, and they are 
reckoned from Sun riſing,) firſt find the Hour 
the Sun ſets at, this being doubled will give the 
Number of Hours the Sun continues above the 
Horizon on the Day given. Then as that 


Number of Hours is to 12, ſo is the Number 
of 
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of Hours ſince Sun riſing, to the Judaical 
Hour required. To find the Hour of the 
Night, double the Hour the Sun riſes at, and 
ſay, as that Number is to 12, ſo is the 
Number of Hours ſince Sun ſetting to the 
Hour required. TER 
Thus in the Latitude of London, when the 
Sun riſes at 4 of the Clock and ſets at 8, if the 
Hour given be 5 in the Evening, the Babylomic 
Hour will be the 13th, the [alc the 21, 
and the Jeuiſb Hour will be Nine and three 


Quarters. 


Pros, XIV. To find the Place of any 
of the Heavenly Bodies upon the 
Globe, from their right Aſcenſun 


and Declination. 


Bring that Point of the Equator which ex- 
reſſes the right Aſcenſion given, to the brazen 
Meridian, and look upon the Meridian towards 
the Noith or South Pole, according as the De- 
clination is North or South, for the Degree of 
Declination given, under which is the Place 


ſought (a). 


(a) For in this Caſe the Meridian is made to repreſent a Se- 
condary of the Equator paſſing through the Place, an Arch of 
which lying between the Place and the Equator is the Declina- 
tion, and the Diſtance between the Place of the Equator through 
which it paſles, and the firſt Pegree of Aries, is the right 
Aſceullien. | 


of 
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j Of the Terreſtrial Globe. 


2 ProB. XV. From the Longitude and 
Latitude of a Place, upon the Sur- 
face of the Earth being given, to 


E 
find the Place upon the Globe. 


This Problem is much the fame with the 
l laſt, only inſtead of the celeſtial, we uſe the 


terreſtrial Globe; and inſtead of reckoning 


the Longitude from the firſt Degree of Aries, 4 

/ the Point from which right Aſcenſion is 1 
4 reckoned, it muſt be counted from the firſt ; 
7 Meridian. 
| 


Bring the Degree of the Equator, which i 
numbers that of the Longitude given, to the | 
brazen Meridian, upon which count towards i 


n the North or South Pole, according as the 7 
N Latitude is North or South, till you come to i 
. the Number of the Latitude, under which is | 
f the Place ſought. (a) \ 
e 


(a) In ſome Globes the Degrees of Longitude are numbered 
both Ways from the fiſt Meridian, till they meet in the oppo- 
ſite Point, and the Longitude is diſtinguiſhed into Eaſt and Weſt, 


e as obſerved above: In ſuch Caſe it muſt be known which Kind 
« the given Lougitade is of. 

h 

it 


PRroB;, 
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Pros. XVI. To determine the Difference 
of Time in different Places. 


Find the Longitude of each Place, by the 
Converſe of the laſt Problem, and reduce the 
Difference into Time; which is done by al- 
lowing an Hour for every 15 Degrees, and ſo 

roportionably for leſſer Parts, the Number of 
Hours, Sc. thus found, will be the Difference 
between the Time of the Day at one Place, 
and that at the other. (a) 


Pros. XVII. To find the Diſtance be- 
tween two given Places, and the 


Angle of Poſition, that is, the Bear- 


ings of them, or the Situation of 


one from the other, with reſpect 10 
the Points of the Compaſs. 


Rectify the Globe to the Latitude of one of 
the Places, and bring that Place to the brazen 
Meridian ; then fix the Quadrant of Altitude 


(a) The Reaſon of this is, becauſe as the Earth by turning 
round its Axis, brings all Places to the Sun once in 24 Hours; 
that Place which lies 15 Degrees to the Weſtward of another, 
comes to it an Hour later than the other; and ſo the Inhabitants 
of this Place are an Hour later in their reckoning of Time than 
at the other Place, And the contrary holds of ſuch as live to- 
wards the Eaſt, 


to 
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to the uppermoſt Point of the Meridian, and 
putting the lower End of it between the Ho- 
rizon and the Globe, flide it about till it paſſes 
through the other Place, and the Number of 
Degrees upon the Quadrant between Place and 
Place, turned into Miles by reckoning 60 to 
each Degree, will give the Diſtance between 
them; and the Number of Degrees upon the 
Horizon, between the Meridian and the Foot 
of the Quadrant, will give the Bearing of the 
Second, or its Situation from the firſt, with 
reſpect to the Points of the Compals. 


Pros. XVIII. Zo find a Meridian Line 
partly by the Help of the celeſtia 


Globe. : 

Set the Hour Index to the Place of the Sun 
in the Ecliptic, and turn the Globe till the 
Pole Star, that is, the Star which is the neareſt 
the Axis of the Globe, comes under the Me- 
ridian, either above or below the Pole; above, 
if you find that the Index in that Situation of 
the Star, points to one of the Hours of the 
Night, otherwiſe below ; and mark what Hour 
the Index points to. Then at that Hour of 
the Night hang up two Plummets, letting their 
Weights hang in Water to prevent their vi- 
brating, in ſuch manner that the String of one 
of them may be directly between the Pole Star 
and the String of the other, Then will a Line 

Dn drawn 
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drawn from one String to the other, or the 
Shadow of the one when it falls upon the 
other, be a Meridian Line. And 

This I take to be a much more accurate, ag 
well as an eaſier Method, than the common 
one of fixing up a Pin upon a Plane, drawin 
a Circle about the Foot of the Pin, and ob- 
ſerving where the Extremity of the Shadow of 
that Pin enters the Circle in the Morning and 
goes out of it in the Afternoon, and drawing 
a Line from the Foot of the Pin through the 
middle Point between thoſe Places for a Me- 
ridian Line. For this latter Method requires 
more Care and Trouble to do it accurately, 
than they who have not tried it would imagine, 


** — — 
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CHAP. XVI. 
Of the Equation of Time. 
HEREAS Time conſtantly paſſes on 


with an uniform and regular Flux, it is 
evident there is no poſſible Way accurately to 
meaſure and compare the ſeveral Intervals of it 
one with another, but by the Motion of ſome 
Body whoſe Progreſs is as uniform and regular 
as itſelf. To this End it was natural to pitch 
upon the Sun, whoſe Motion is obvious to all, 
and ſeemingly regular enough for that Purpole. 
But by the Circumſpection and accurate Ob- 


ſervations 


3 
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E ſervations of Aſtronomers, it is diſcovered not 
e to be ſo; and that neither the Days, nor even 
the Hours themſelves, as meaſured by the 
Motion of the Sun, are of an equal Length. 
n And this upon two Accounts, as will appear 
g from the following Conſiderations. 
- I. A natural Day, or 24 Hours, 1s that in- 
xf Wl terval of Time, in which the Sun ſeems to paſs 
d from the Meridian of any Place to the ſame 
g again: Had therefore the Earth no Motion 
e but about its own Axis, and conſequently the 
Sun no apparent one along the Ecliptic, all 
the Days would be of an equal Length, as 
depending only on the Motion of the Earth 
about its Axis, which is uniform: But ſince 
the Earth is conſtantly moving in its Orbit, 
the ſame Way it turns about its Axis, the Sun 
s always in appearance advancing forwards. 
When the Earth therefore is turned round, 
and a Spectator upon its Surface brought again 
to the Place he was at the foregoing Day at 
Noon, it is not yet Noon with him, the Sun 
in appearance having advanced to the Eaſtward 
in the mean time; ſo that the Spectator muſt 
be carried farther ſtill, zz. ſo many Degrees 
as the Sun has advanced that Way, before he 
can be brought to the Meridian the Sun is 
in (a), Now by Reaſon of the unequable and 


(a) This is the Reaſon that the Length of the Day is not 
exactly equal to the Time, in which the Earth performs its Ro- 
e. tation about its Axis, which is, as was obſerved in Note (7), 
he Chap. I. but 23 Hours 56 Minutes and 4 Seconds, a- 


ns Y irregular 


— 
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irregular Motion of the Earth in its Orbit, or, 
the irregular apparent Motion of the Sun along 
the Ecliptic depending thereon, the Number 
of Degrees the Sun advances Eaſtwards each 
Day, 1s ſometimes greater and ſometimes leſs; 
and conſequently upon this Account, the Days 
muſt differ one from another in Length; and 
therefore the Hours alſo, fince each Day is ſup. 
poſed to conſiſt of 24, be it long or ſhort. 

II. Was the apparent Motion of the Sun 
through the Ecliptic uniform and regular, yet 
as the Ecliptic is oblique to the Equator, and 
therefore equal Portions of the one do not 
correſpond to equal Portions of the other; 
the Motion of the Sun, when referred to the 
Equator, would not be uniform ; or, which is 
the ſame Thing, thoſe Points of the Equator 
which come to the Meridian with the Place of 
the Sun on different Days would not be at 
equal Diſtances one from another (@) ; which 
as to the Time of the Sun's appearing in the 
Meridian, or its ſhewing the Hour of the Day 
upon a Dial, is the ſame as if it had an irre- 
gular Motion along the Equator ; and there- 
fore muſt cauſe it to render the Days unequal 
among themſelves. 

As theſe Cauſes are independent of each other, 
they ſometimes conſpire together ; ſometimes 
they are contrary the one to the other. 

(a) This is eaſily tried upon a Globe, where if we bring 


every tenth Degree of the Ecliptic to the brazen Meridian, we 


ſhall find that each tenth Degree of the Equator will not come 
thither with it. | 
4 — 
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The Time which an uniform Motion would 
mark out, is called true Time; and that which 
is indicated by the Sun, is apparent Time ; and 
the Difference between theſe is termed 7he 
Equation of Time; When the abovementioned 
Cauſes have continued for ſome time, to render 
the apparent Motion of the Sun too quick or 
too ſlow, this Difference is conſiderable. 
About the 13th of October, it is the greateſt 
of all; at which Time the Sun is 16 Minutes 
and 11 Seconds too faſt, 


C HAP. XVII. 
Of the Diviſion of Time. 


HE ſeveral Parts of Time are princi- 
| pally diſtinguiſhed by _ Hours, 
Weeks, Months, Years, Cycles, Periods, and 
Eras. Of which in their Order. 

By a Day, according to the moſt natural and 
obvious Senſe of the Word, is meant that 
Space of Time during which it continues to 
be Light, and thus is oppofed to that wherein 
it is Dark, which is called the Night. But 
this Space of Time being ſomewhat vague and 
indeterminate, the Time between the Sun's 
Riſing and Setting is uſually looked upon as 
the Day, and the Time which lapſes from its 
ſetting to its riſing again, the Night. 

2 


But 
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But the Word Day is frequently taken in a 
larger Senſe, ſo as to include alſo the Night, 
and to denote the Time of an whole apparent 
Revolution of the Sun round the Earth. In 
this Senſe it is called by ſome a natural Day, 
and by others an artificial one; but what ſome 
call the Artificial, others call the Natural. To 
avoid which Confuſion, it is uſual to call it in 
the former Senſe, fimply the Day, and in the 
latter a Nuchthemeron ; by which Term that 
Acceptation of it is aptly denoted, as being a 


Word that implies both Day and Night (a). 


The Nuchthemeron is divided into 24 Parts, 
called Hours, which are of two Sorts, Equal, 


and Unequal or Temporary, The common | 


Diviſion of the equal Hour is into Halves and 
Quarters: But Aſtronomers, and thoſe who 
are more accurate in their Account of Time, 
divide the Hour into fixty Parts, called Mi- 
nutes, and theſe again into ſixty Parts called 


Seconds, &c. And here we may obſerve, that 


the Word Minute is taken in a double Senſe, 


either to denote the ſixtieth Part of an Hour, 


and is therefore by Way of Diſtinction ſome- 
times called an Horary Minute; or elſe to ſig- 
nify the ſixtieth Part of a Degree, in which 
Caſe it may be called a graduary Minute, or 
Minute of a Degree. 

Different Nations and People begin their 
Day at a different Hour, Thus the Egyptians 


(a) A Greek Compound of vg Night, and 1pipa Day. 
| began 
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began their Day at Midnight ; from whom 
Hipparchus introduced that Way of reckoning 
into Aſtronomy, and Copernicus and others 
have followed him. But the greateſt Part of 
Aſtronomers reckon the Day to begin at Noon, , 
and ſo count 24 Hours till the Noon af the 
next Day, and not twice twelve, according to 
the vulgar Computation. 

The Method alſo of beginning the Day at 
Midnight prevails in Great-Britain, France, 
Spain, and moſt Parts of Europe. 

The Babylonians began their Day at Sun- 
riſing, reckoning the Hour immediately before 
its riſing again, the 24th Hour of the Day. 
From whence the Hours reckoned in this 
Manner are called the Babylonic. 

In ſeveral Parts of Germany, they begin 
their Day at Sun- ſetting, and reckon on till it 
ſets the next Day, calling that the 24th Hour. 
Theſe are uſually called the Talian Hours. 

The Jews alſo began their Nuchthemeron 
at Sun-ſetting, but then they divide it into 
twice twelve Hours as we do, reckoning 12 
for the Day, be it long or ſhort, and 12 for the 
Night (a). So that their Hours continually 


(a) According to this Way of reckoning, the Hours of the 
Day mentioned in Scripture are to be underſtood. The Jews 
allo divided the Night into four Quarters, called Watches, each 
Watch containing three of their Night Hours. And diſtinguiſhed 
them ſometimes according to the Order of their Succeſſion. Thus 
we find in Scripture Mention of the ſecond, third, and fourth 
Watch, ſometimes the firſt Watch was called the beginnning of the 
Tatches; the ſecond, the middle Watch, as not being ended till 
Midnight; and the fourth, the Morning Watch. The firſt alſo 
was ſometimes termed the Evening; the ſecond Miznight; the 
Uurd, the Cock-crowwing ; and the fourth, the Dawning of the Day. 


13 varying 
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varying with the Length of the Day and 
Night, the Hours of the Day were longer 
than thoſe of the Night one half of the Vear, 


and the contrary the other. From whence 


their Hours are called Temporary: Theſe at 
the Time of the Equinoxes become equal, be- 
cauſe the Days and Nights are ſo then. The 


Romans alſo reckoned their Hours after this 


Manner, as do the Turks at this Day (a). 


A Week conſiſts of the ſeven Days in moſt 
Countries, called after the Names of the Planets 
as obſerved in the foregoing Note. But be- 
cauſe Eaſter Week was formerly eſteemed the 


(a) This kind of Hours are alſo called Planetary, becauſe 
the ſeven Planets were anciently looked upon as preſiding over 
the Affairs of the World, and to take it by turns each of theſe 
Hours, according to the following Order, Saturn firſt, then 
Jupiter, Mars, the Sun, Venus, Mercury, and laſt of all the 
Mom. Hence they denominated each Day of the Week from 
that Planet whoſe Turn it was to reign or preſide the firſt Hour 
of the Nuchthemeron. Thus aſſigning the fr Hour of Saturday 
to Saturn, the ſecond will fall to Jupiter, the third to Mars, 
and ſo the twenty-ſecond of the ſame Nuchthemeron will fall to 
Saturn again, and therefore the twenty-third to Jupiter, and the 
laft to Mars. So that on the firſt Hour of the next Day, it will 
fall to the Sun to preſide. And by the like Manner of reckon- 
ing the firſt Hour of the next will fall to the Moon, of the next 
to Mars, of the next to Mercury, of the next to Jupiter, of the 
next to Venus. Hence the Days of the Week came to be diſ- 
tinguiſhed by the Latin Names of Dies Saturni, Solis, Lung, 
Martis, Mercurii, Jovis, and Veneris; and among us by the 
Names of Saturday, Sunday, Monday, Tucſday, Wedneſday, Thurſday, 
and Friday. For, as Saturday, Sunday, and Monday plainly denote 
the Day of Saturn, the Sun, and the Moon; ſo Tueſday, Wedneſday, 
Thurſday, and Friday, denote the Day of Tuiſco, Waden, Thor, and 
Friga, which are the Saxon Names reſpectively anſwering to Mars, 


Mercury, Jupiter, and Venus, Wellis Chronol, Chap. II. 
n firſt 
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firſt or principal Week of the Year, and each 
Day thereof was a Feria or Holiday; hence 
the ſeveral Days were diſtinguiſhed among the 
primitive Chriſtians, by the Names of Feria 
prima, ſecunda, &c. that is, the firſt, ſecond 
Holiday, Sc. But the Sunday, or Feria 
prima, was otherwiſe ſtiled by them the 
Lord's Day, as being the Day of our, Lord's 
Reſurrection (a). | a Tg 


Months are diſtinguiſhed principally into 
two Sorts; viz. Solar and Lunar. The Solar 
Month is either Aſtronomical or Civil (6). The 
Lunar Month is divided into Periodical, Syno- 
dical, and Civil. The Aſtronomical Solar Month 
is the Time the Sun takes up in paſſing through 
one of the Signs of the Ecliptic. | 

The Periodical and Synodical Lunar Months 
have already been obſerved; the former to be 
equal to the Revolution of the Moon about 
the Earth, viz. 27 Days, 7 Hours, and 43 Mi- 
nutes; the latter, the Interval of Time that 
lapſes between two ſucceeding Conjunctions of 
the Moon with the Sun, v/2. 29 Days, 12 
Hours, 44 Minutes, and 3 Seconds, 


(a) The Hebrew Word which in the old Teſtament is ren- 
dered eek, ſignifying a Collection of ſeven, is there ſometimes 
uſed for ſeven Years; and in Conformity thereto, our Engli/þ 
Word Week in thoſe Places muſt be underſtood to imply not a 
Week of Days, but a Veet, or Syſteni of ſeven Years, 

(5) A Month or Year is denominated Civil, from its being 
of common Uſe in any Republic or Society of People. 
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Now becauſe in common Uſe it would be 
inconvenient to have the Months to confiſt of 
odd Pieces of Days; it was uſual among the 
Jeus, Greeks, and Romans, (till Julius Cæſar 
made an Alteration) in order to adapt their 
Months to the apparent Motion of the Sun, 
to have their Months conſiſt of 29 and 30 Days 
alternately, one of theſe Numbers being about 
half a Day above, and the other about half a 
Day leſs than the Synodical Month; ſo that 


by this Means the ſame Appearances of the 


Moon would happen nearly on the ſame Day 
of the Month for a long Time together. This 
Month thus adapted to the laſt mentioned 
lunar Month, is called the Civ] lunar Month; 
and is ſtill made uſe of by the Turks. | 

The Egyptian Months conſiſted of 30 Days 
each, 12 of theſe make a Year wanting 5 
Days, which they added to the End of the 
Year, and from thence called them Epago- 
menæ, or Supplemental, 

Now becauſe 12 civil lunar Months want 11 
Days of a Year, it is evident that the ſeveral 
Seaſons of the Year muſt in Time fall upon 
different Months; to prevent which, Julius 
Ceſar ordained, that the Month ſhould not 
be taken from the Motion of the Moon, but 
from that of the Sun ; that they ſhould conſiſt 
alternately of 30 and 31 Days, and that Fe- 
bruary ſhould contain 29, and every fourth 
Year 30. But it happened atterwards that the 


Name of the ſixth Month, which was formerly 


Sextilis, 
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Sextilis, was in Honour of the Emperor Au- 
guſius changed for that of his, as that of the 
foregoing Month Qyintilis had before been, in 
Honour of his Father Julius; and therefore 
ſince this Month conſiſted but of thirty Days 
according to the Inſtitution of Julius Ceſar, 
one more was added to jt, to make it equal to 
the foregoing one, that the Honour paid to the 
Son might not ſeem to fall ſhort of that which 
was paid to the Father. Upon this, the next 
Month, viz. September, was reckoned but 30, 
the next 31, and ſo on, that the alternate 
Order abovementioned might not be deſtroyed, 
till January, which, according to that Order, 
ought to have had but 30. But this Month 
being ſo named in Honour of Janus, the God 
of Time, it was thaught . to rob 
the God of a Day, wherefore February was 
reduced to 28, and every fourth Vear to 29. 
And ſo the Months came to ſtand as they are 
in our Calendar, from whence they are called 
Calendar Months. Theſe are properly civil 
Solar Months. 


The principal Diviſion of the Year is alſo 
into two kinds, viz. Solar and Lunar; each 
of which are again divided into A/tronomical 
and Civil. 


The Aſtronomical Solar Vear is of two kinds, 


vig. Tropical and Sydereal. The former is the 


Space of Time which lapſes while the Sun ap- 
pears to move from either of the Solſtitial or 
Equinoctial 
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Equinoctial Points to the ſame again. Now 
by Reaſon of the continual Preceſſion of the 
ſaid Points, whereby they do as it were meet 
the Sun, this kind of Year is ſomething leſs 
than the Sydereal one ; which is the Time in 
which the Earth performs an entire Revolution 
in its Orbit, or in which the Sun ſeems to paſs 
from any fixed Star to the fame again. The 
former conſiſts of 365 Days, 5 Hours, 4.8 Mi- 
nutes, and 57 Seconds; the latter of 365 Days, 
6 Hours, 9 Minutes, and 14 Seconds, and is 
alſo called Periodical, or Anomaliſtical. The 
Aſtronomical Lunar Year conſiſts of 12 Syno- 
dical Months; and is therefore 3 54 Days, 8 
Hours, 48 Minutes, and 36 Seconds. 

The Ci, Lunar Year is alſo of two kinds, 
Viz. moveable. and fixed; the moveable civil 
Lunar Year conſiſts of 12 civil Lunar Months, 
which being but 3 54 Days, falls ſhort of a Year 
by 11 Days, fo that the beginning of this Year 
varies with reſpe& to the Seaſons, till it runs 
through them all, which it does in about 32 
Years Time; and from hence it is denomi- 
nated Moveable, or the wandring Lunar Year : 
As the Turks now make Ule of the civil 
Lunar Month, ſo they alſo do of this civil 
Lunar Year. 

In order to render this kind of Year fixed, 
that is, to prevent the Seaſons from ſhifting 


from one Part of it to another, the Greeks, 


and the Romans, till Julius Czfar's Time, after 
every three Years added a Month of thirty- 
| three 
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three Days, which they called Embolimæus, or 
the Intercalary Month, | 

But becauſe this Method is not ſufficient, 
(for the civil Lunar Years fall ſhort of the 
Aſtronomical Solar Years above 11 Days,) 
others adapt ſuch Intercalations to them as do in 
a manner render the beginning of them fixed 
to the ſame Part of the Solar Year. Hence 


theſe Years properly intercalated are called fixed 


Lunar Years, as alſo from their Dependency 
on the Motion both of the Sun and Moon, 
Luni-Solar Years. Years of this kind are uſed 
by the Jews, and the Clergy of the Church of 
Rome in their Eccleſiaſtical Affairs. 

The civil Aſtronomical Year is alſo either 
moveable or fixed. The moveable one was in 
Uſe among the Egyptians, and is from thence 
called, the Egyptian Year. It conſiſted of 365 
Days, and therefore fell ſhort of the tropical 
Year, with which all the Seaſons return, near 
ſix Hours, fo that four ſuch Years are leſs 


than four Aſtronomical Solar ones, by almoſt 


a whole Day, and therefore in 1460 Years, 
the beginning of the Year would paſs through 
all the Seaſons, | 
Although the Romans did not uſe this kind 
of Year, yet theirs, taking one Year with ano- 
ther, was of the ſame Length (a); Julius 


(a) For having, as obſerved above, fix Months of 29 Days 
each, and fix of zo, and an Intercalary Month of 33 Days, at 
the End of every third Year ; their Years conſiſted one with 


another of 365 Days. 
Czſar 
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Cæſar therefore to fix this Vear, when he 
rectified the Calendar, and threw out the ciyil 
Lunar Months, to make up the fix Hours 
which this Year wants of the true Aſtronomical 
Solar Year, and with which only the Seaſons 
keep pace, ordered that every fourth Year ſhould 
have an intercalary Day, i. e. that a Day ſhould 
be added to the Calendar, over and above thoſe 
It contained the other three, or that every fourth 
Year ſhould contain 366 Days. Hence it was 
that, as we obſerved above, February came to 
have 29 Days every fourth Year. But he did 
not add it to the End of the Month, but or- 
dered that the fixth of the Calends of March, 
which according to our way of Reckoning is 
the 24th of February, ſhould be reckoned 
twice. Upon which Account that Year was 


wont to be called Biſſetilis, and is ſtill re- 


tained by us under the name of Leap Year, 
From hence, Years reckoned after this Manner 
are called Julian Years, 

But however the Year was not rendered fixed 
by this means, for it was now too long by 
about eleven Minutes, and therefore varied 


from the Sun about a Day in 131 Years. 80 


that from the Time of the Nicene Council, (in 
which the Rule was eſtabliſhed for the Time 
of celebrating Eaſter) to the Year 1582, in 
which Pope Gregory the 13th undertook a 
farther Reformation of the Calendar, there 


was found to have roſe a Variation of 10 Days, 


the vernal Equinox being obſerved to fall " 
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the 11th of March, which at the Time of the 


Nicene Council, fell on the 21ſt. The Pope 


therefore in order to bring back the Equinoxes 
to the Time of the Year they fell upon at the 
Time of that Council, took thoſe ten Days 


out of the Calendar by ordering the 5th of 


October 1582, to be reckon'd the 15th, which 
' neceſſarily removed the ——_— Equinox 
from the 11th to the 2 1ſt of March. And to 
prevent the Seaſons of the Year from going 
backwards for the future, he ordered that every 
hundredth Year, which according to the Form 
inſtituted by Julius Cæſar was to be a Bi 
ſextile or. Leap Year, ſhould be a common one, 
and conſiſt only of 365 Days, but that ſince 
too much would be taken away by this Means, 
every fourth hundred Year ſhould remain B 
ſextile. 

This Method being eſtabliſhed by Pope 
Gregory, is called the Gregorian Account, or 
the New Stile, as being new in compar:ſon of 
that eſtabliſhed before by Julius Cæſar, which 
is now called the Old: It is obſerved in all 
Places where the Papal Authority is acknow- 
ledged ; and alſo, towards the End of the laſt 
Century it was received by many of the re- 
formed People in Germany. In Great- Britain 
and Ireland, and ſome reformed Nations of 
the Northern Parts of Europe, the old Julian 
Form is ſtill retained. But above an hundred 
Years being now lapſed ſince the above- 
mentioned Reformation of the Calendar, and 
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192 Of the Diviſion of Time. Part IV. 
the hundredth Year not being made a common 
one, as in the Gregorian Method; the Gregorian 
Account differs now from the Julian one Day 


more than it did at its firſt Inſtitution; ſo that 
that Day which according to the Old Stile is 


the firſt of the Month, is the 12th of the ſame 


according to the New, 

As the Form of the Vear in different Nations 
is various, ſo alſo is the Beginning of it. Thus 
the J7eus begin their Eccleſiaſtical Year with 


the new Moon of that Month whoſe ful 
Moon happens next after the vernal Equinox. 


The Church of Rome, with the Sunday that 


falls upon the faid l! Moon, or that happens 
next after it; that is, with the Feaſt of the 
Reſurrection of our Lord. The Grecians began 
theirs with the new Moon that happened 
next after the Summer Solſtice. And the 
Romans anciently began theirs with the new 


Moon next after the Winter Solſtice. The 


Venetians, Florentines, Piſans in Italy, and the 
Inhabitants of Triers or Treves in Germany, 
make the vernal Equinox the Beginning of 
their Year. The ancient Clergy made the 2 5th 
of March, or the Feaſt of the Bleſſed Virgin, 
the Beginning of the Year ; which Method 
the Church of England ſtill retains; and ac- 


cording to our Law the Year begins here too, | 


though in Things that do not require a Aga 
Date, we, with the neighbouring Nations, 
look upon the firſt Day of January to be the 
Beginning of the Year. _ 

'The 
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The Perſians ſtill retain the Egyptian Year, 
and the Period in which the- firſt Day of it 
paſſes through all the Seaſons of the Aſtrono- 
mical Solar Year, vig. 1460 Years, they call 
the Sothiacal Period, or great Dog-Star Year ; 
as being reckoned to begin in that Year in 
which the Dog-Star (or Sothis) riſes Heliacally 
on the firſt Day of the Month Thoth, which 
is the firſt Day of their Year. 
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A cle is a continual and ſucceſſive Revo- 
lution of a certain Number of Years. The 
Cycles are four, vig. the Cycle of the Sun, the 
Cycle of the Moon, the Cycle of Dionyſius, 
the Cycle of the Indiction. 

In order to apprehend the Foundation and 
Nature of the Cycle of the Sun, it muſt be 
obſerved that to each Day of the Year is aſ- 
ſigned in the Calendar, ſome one of the firſt 
ſeven Letters of the Alphabet A, B, C, D, E, 
| F, G, the firſt Letter A being affixed to the 
| firſt Day of January, to the ſecond B, and ſo 
; to G. After which the Letters are repeated 
again in the ſame Order, A falling to the 8th, 
B to the gth, &c. By which means, becauſe 
| the common Year contains 52 Weeks and one 
" Day over, the laſt Day of December has alſo 
„ the Letter A affixed to it. The Letters being 
/ Y *ppropriated in this manner to each Day of the 
J Year, it follows, that whichever of the Letters 
e belongs to any particular Day in the firſt Week 

of January, that Letter will belong to the 
e ſame 
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194 Of the Diviſion of Time. Part IV. 
fame all the Year long. But fince the ſame 


Letter, viz. A, is affixed to the laſt, which 
is affixed to the firſt Day of the Year, it 


is obvious, that at the End of one Year and 


beginning of the next, two ſucceeding Days 
will have the ſame Letter A; ſo that if 
Monday had an A the laſt Year, Tueſday has 
it this, and Monday the G: And therefore the 
Letters will move backwards with reſpect to 
the Days of the Week; for Inſtance, that 
Day which has G one Year, will have F the 
next, after that E, then D, and ſo on to A; 
and conſequently the ſame Day will run 
through the ſeven Letters in ſeven Vears Time. 
But before the ſeven Vears are expired, a Leap 
Year will intervene, having one Day more 
than common, which Day is added at the 24th 


of February (a), and has the ſame Letter that 


the 24th has, ſo that in this Caſe, as there 
was a Change or Regreſſion of the Letters, 
with reſpect to the Days of the Week, upon 
the Account of two Letters coming together at 
the End of one Year and the beginning of the 


next, there will be another like Change in 


February alſo; and therefore, as in the former 
Caſe, the ſame Letter would have run through 
all the Days of the Week in feven Years; 


this ſecond Change happening once in four | 
(a) Some ſay it is added after the 28th, and that it has the 


ſame Letter with that. From this Uncertainty there ariſes 2 
Difficulty in fixing the Day of the Celebration of the Feſtival 


of St. Matthias, which has occaſioned a great Diſpute among 
the Learned, 


Years, 
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Years, the Courſe of the Letters is ſo oft inter- 
rupted, that it does not become the ſame again, 
till after four times 7, or 28 Years. 

Thus, ſuppoſe a Leap Year begins with a 
Sunday, it will end with a Monday ; in which 
Caſe, A and G will be the Dominica or Sunday 
Letters, becauſe A is appropriated to the firſt 
of January, and G to the z3oth of December: 
But ſuch another Vear cannot return till after 
28 Years, as any one that tries will readily find; 
the Conſequence of which is, that thoſe two 
Letters cannot be Sunday Letters again in one 
Year, till after that ſpace of Time. And be- 
cauſe the ſame Sunday Letters do return after 
every 28 Years, that Term is called the Cycle 
of the Sunday Letter, or otherwiſe, though not 
lo properly, the Cycle of the Sun (a). 


The Cycle of the Moon is a Revolution of 


10 Years; after which Time, as was anciently 
ſuppoſed, the new and full Moons would fall 
upon the ſame Days of the Year again (5). 
This Cycle is therefore of great Note in the 
Chriſtian Church, a Method founded upon this 
Suppoſition, being eſtabliſhed by the Fathers of 


(a) The ninth Year before our Saviour's Birth, was the firſt 
of this Cycle; from whence may eaſily be known what Year 
of it the preſent is. The firſt of this Cycle is always Leap Year, 
and has for its Dominical Letters G and F. And the Letter A 
is, as already obſerved, always affixed to the firſt Day of January. 
From which Data may at any Time be computed what is the 
Sunday Letter for the preſent Year, and from thence what Day 
of the Week each Day of the Year falls on. 
| (6) This is alſo called the Metonic Cycle from Meton, the 


Author of it. 
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196 Of the Diviſion f Time. Part IV. 
the Nicene Council, for finding the Time of ce- 
lebrating Eaſter, and the other moveable Feaſts 
of the Church for any Time to come. 

In order to underſtand which, we muſt ob. 
ſerve, that as the Chriſtian Paſſover, or Feſtival 
of Eaſter, ſucceeded the Jeiſh one, the Time 
of its Celebration was regulated by that upon 
which the Jewiſßh Paſſover was at its Inſti- 
tution, by God himſelf appointed to be kept, 
which was on the fourteenth Day of the firſt 
Month, according to the manner of reckoning 
among the Jews, Exod. 12. Now the Jeuiſb 
Months being Lunar ones, each Month began 
upon the Day of the new Moon, or however 
at the Time of its Heliacal riſing, and fo the 
full Moon fell upon the fourteenth of each 
Month. And further, that Month was called 
the firſt of the Year, whoſe full Moon or four- 
teenth Day, either fell upon the vernal Equi- 
nox, or was the firſt that ſucceeded it. And 
at the Time of the Nicene Council, when 
the Rule for finding Eaſter was drawn up, the 
Equinox fell, or was thought to fall, on the 
21ſt of March. But becauſe our Saviour's Re- 
ſurrection, which the Feſtival of Eaſter is de- 
ſigned to commemorate, happened on a Sunday; 
it was ordered that it ſhould not be kept on 
the full Moon, but the Sunday following. Ac- 
cordingly the Rule then eſtabliſhed for finding 
Eaſter, and which is ſtill made uſe of by the 
Church, runs thus; Eafter-Day is always the 
firſt Sunday [after the firſt full Moon, which 


happers next after the One and tewentieth Day of 


March. 


if 
h. 
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March. And if the full Moon happens upon a 
Sunday, Eaſter-Day zs the Sunday after. 

The Foundation of the Rule being thus ex- 
plained, it remains now to ſhew the Meanin 
of it, which is not ſo obvious as at firſt Sight 
it appears to be. 

It is to be obſerved then, that in order to find 
on what Days of the Year the new and full 
Moons would happen for the Time to come, 
the ancient Method was to obſerve on what 
Day of each Month the new Moons fell in 
each Year of the Moon's Cycle, and to the 
ſaid Days reſpectively to ſet the Number of 
the Year in their Calendar. Thus, obſerving 
that the new Moons in the firſt Year of the 
Cycle fall on January the 23d, February 21, 
March 23, &c. to thoſe Days they affixed the 
Number 1. And in like manner obſerving, that, 
n the ſecond Year, they fell on January 12, 
February 10, March 12, &c. to each of them 
they put the Number 2; and fo for each Year 
of the Cycle. And on Account of their great 
Uſefulneſs, or becauſe they were wrote in 
Letters of Gold, the Number thus ſet to the 
Days on which the new Moons fell, were 
called the Golden Numbers (a). 

The Numbers being thus affixed in the 
Calendar, it is only looking for the Golden 
Number of any Year, and over againſt it you 
have the Day of each Month of that Year, on 
which the new Moon happens. | 


(a) In the Table for finding Eafter for ever in ſome Common 
Prayer-Books, they are filed Prime Numbers, probably as being 
Placed in the Prime or fuſt Column of the Calendar, 
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1 07 the Diviſion of Time. Part IV. 
Thus, at the Time of the Nicene Council the 


Time of the new Moons might be accurately 
enough found, but not at this Time, becauſe the 


new Moons do not happen at the ſame Time of 


the Year every 19 Years, but fall ſhort an Hour 
and half, which in 304 Years comes to a Day, 
ſo that now the new and full Moons fall almoſt 
5 Days ſooner than they are ſhewn to do by the 
Golden Numbers, affixed to the Calendar. 
However, as no proper Authority has inter- 
ven'd to alter the Method of finding the Eater 
full Moon by the Golden Numbers, eſtabliſhed 
at the Nicene Council, that Method is {till re- 
tained in the Church. And therefore to under- 
ſtand the abovementioned Rule aright, it muſt 
be ſuppoſed, that by the full Moon is meant 


the Time of the full Moon as found by the 


Golden Numbers affixed to the Calendar in the 
Common Prayer-Book, and not the true full 


Moon, as found in an Almanack, or by Aſtro- 


nomical Obſervation (a). 


The Calendar Year conſiſting of 365 Days, 
and each Revolution of the Moon being 29 
Days and an half, it follows that there will 
be 12 Revolutions of the Moon in each Year 
and 11 Days over; ſo that on whatever Year 
the new Moon happens on the firſt Day of 


(a) The firſt Year of Chriſt was in the 2d of this Cycle. 
By the abovementioned Method the true new Moon may at 


any Time be found, if we deduct five Days in Conſideration of 


the abovementioned Deficiency in the Moon's Cycle, and ſup- 


poſe the new Moon to fall five Days ſooner than that Method 
the 


ſhews it to do, 
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the Year, it will happen alſo that Year eleven 
Days before the End of it; the next Year 22 
Days before the End of it; the next (33, that 
is, caſting out 30, as is the Way, for one 
intire Lunation) 3 Days before the End of it; 
and ſo on. Theſe Numbers are the Epa#?. 
Their Uſe 1s to find the Moon's Age at any 
Time. You add together the Epact for the 
Year, and the Number of the Months from 
March inclufive (for obſerve, it is then the 
Year is ſuppoſed to begin in this Account) and 
you have the Age of the Moon when the 
Month begins; add therefore the Day of the 
Month to this Sum, and you have the Age of 
the Moon at that Day. But this Way of 
reckoning is very groſs, and will err from 
the Truth a whole Day ſometimes. 


By multiplying the Cycle of the Sun and 
Moon together, we have a third Period, con- 
taining the Properties of both the other two, 
ſo that at the End of this Cycle not only the 
Days of the Week have the ſame Letters 
belonging to them, and fall on the ſame Days 
of the Month, but the new and full Moons 
alſo fall on the ſame Days of the Year, ſo that 
the Time of celebrating Eaſter and the other 
Feſtivals of the Church, return to the very 
lame Days of the Year. From whence this 
is called the great Paſchal Cycle, and ſometimes 
from its Author, the Dionyſian Cycle (a). It 


(a) This is alſo by ſome called the Victorian Period. 
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conſiſts of 532 Years, and the firſt Year of it 
was 457 Years before Chriſt. 


The Cycle of the Indiction is a Revolution 
of 15 Years, made uſe of by both the Greek; 


and Romans, probably upon ſome political Ac- 


count. It has no Relation to the Motions of 
the Heavenly Bodies. The Nativity of our 
Saviour fell upon the 4th of this Cycle. 


By multiplying the three Cycles of the Sun, 
Moon, and Indiction together, ariſes a Term 
of 7980 Years, called the Julian Period; 
which as it began ſeveral hundreds of Years 
before the Creation, and is not now ended, 
and in all probability will not, ſo long as the 
World ſtands, is of ſingular Uſe in Chrono- 
logy, as taking in all Events, both paſt, pre- 
ſent, and to come. 


This Period was invented by Joſeph Scaliger, 


and began 4713 Years before Chriſt. 


An Ara, otherwiſe called an Epoch, is a 
Continuation of Time beginning from ſome 
certain Point, as from a Root, and continually 

roceeding forwards without beginning again. 

That which is of principal Note among 
Chriſtians, is the ra of Chriſt. 

The Author of this Era was Dionyſius 


 Exiguus, who flouriſhed about 500 Years after 


Chrift. He began it on the Annunciation of 
the Virgin Mary, or the 25th of March: the 
25th of March, as he ſuppoſed, immediately 
preceding the Nativity of our Lord: but it is 
now generally thought that aur Saviour Was 


born 
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born the December before that; wherefore 
others, beginning the Ara from the Nativity 
it ſelf, or the 1ſt of January following it, 
reckon almoſt a quarter of a Vear before thoſe 
who adhere to the Dionyſian Account. 

The Engliſb and Iriſb ſtill adhere to the 
Dionyſian Account in their eccleſiaſtical and 


civil Affairs, which all the reſt of the World, 


and even they themſelves in common Account, 
have laid aſide for that which begins at January 
the firſt, This Ara is frequently reckoned 
backwards, as well as forwards: Thus, it is 
uſual to ſay an Event happened ſo many Years 
before Chriſt, 

The firſt Year of this Era, agreeably to 

what was obſerved above, anſwers to the 
4714th of the Julian Period. 
There are ſeveral Epochs or Æra's of leſs 
Note, which I ſhall but juſt mention ; this 
Chapter having already run out to a much 
creater Length, than I at firſt intended. 

The ra of the Creation according to the 
Greek Church, and which is now of Uſe in 
ſome Eaſtern Nations, begins before the Julian 
Period, big. 5508 Years before Chriſt. Tho' 
others, among whom are the greateſt Aſtrono- 
mers, begin it ſomething leſs than 4000 Years 
before our Saviour's Birth. 

The Ara of the Deftrufon of Trey, accord- 
ing to Dionyſius Halicarnaſſeus and Diodorus Si- 
culus, begins 1181 Years before Chriſt. 

The Ara of the Olymprads, or Olympic Games 
of Ute among the Greets, 776 before Chriſt, 
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The ra Urbis conditæ, or of the Building 
of Rome, made Uſe of by the Romans, accord- 
ing to Varro, began 753 Years before Chriſt, 
according to the Faſti Capitolini, 7 52. 

The Ara of Nabonaſſar, made Uſe of by 
the Chaldeans and Egyptians, famous amon 
Aſtronomers, as conſiſting of Egyptian Years, 
which are diſturbed by no Intercalation. It 
begins 747 Years before Chriſt. 

The Ara of the Death of Alexander the 
Great, 324. | 

The Ara of the City of Antioch, 49. 


Ihe Ara of the Julian Reformation of the 
Calendar, 45. 


The Ara Actiaca, 3o. 

The Droclefan Ara, 284 Years after Chriſt, 

The Ara of the Hegira, or Flight of Ma- 
homet, uſed by the Turks and Arabs, 622 after 
Chriſt, 


The Ara of Yeſdegird, or Perſian Ara, 
632 after Chriſt. 


N. B. A Year in the Era's of the Death 
of Alexander, and of Nabonaſſar, conſiſts but 
of 365 Days; and a Year of that of the He- 
g1ra is only 3 54. 


As the Subject of this Chapter, though 
founded in Af/tronomy, relates principally to 
the Science of Chronology, of which this Com- 
pendium is not deſigned to treat; I have little 
more than thrown a few Definitions together, 
leaving it to thoſe who would ſee more on the 
Subject, to conſult ſuch Authors as have wrote 

more 
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more largely thereon ; as Gregory, Keil, Wells, 


Jheatly on the Common-Prayer, Holder on 


Time, and many others. 


— 


8 E CT. III. 


Of the phyſical Cauſe of the Motion 
of the Heavenly Bodies. 


C H A P. XVIII. 


Of the Forces neceſſary to retain re- 


volving Bodies in circular and other 
Orbits. 


And firſt of Bodies revolving in 


circular Orbits. 


N order that a Body may move round in 

the Circumference of a Circle, it is requi- 
lite, that as ſoon as the Body begins to move, 
ſome Power or Force continually act upon it, 
in ſuch manner as to make it bend its Courſe 
every Moment towards the Center of the Circle; 
becauſe, as is obvious to conceive, it would 
otherwiſe only move right forwards (4); for in 
Conſiderations of this kind, we do not ſuppoſe 
the revolving Body to be affected even by its 
own Height, or any other moving Cauſe what- 
ever, except that whereby its Motion is made 
circular : And becauſe the Circumference of a 


(a) See Part I. Chap, IV. 


Circle 
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Circle is every where equally diſtant from the 
Center thereof, it is obvious there mult be the 
moſt exact Adjuſiment imaginable between the 
Power that retains the Body in the Circle, 
whatever that Power be, and the Endeavour 
the Body has to move right on in a ſtraight 
Line: For in Caſe the former be an over- balance 
for the latter, it will bring the Body nearer 
and nearer to the Center of the Circle it ſhould 
deſcribe; and on the other hand, if it be too 
weak, it permits it to move farther and farther 
off. So that the Body, inſtead of a Circle, 
will deſcribe ſome other Figure, which will be 
of this or that Form, according as the Force 
the Body moves with, compared with the Power 
which bends its Courſe, is greater or leſs; and 
not only ſo, but as the latter (which is ſome- 
times the Caſe) acts more or leſs powerfully, 
as the revolving Body comes nearer or goes 
farther from the Point it revolves about. And 
here we may have recourſe to a Fact obvious 
to every one, which will in ſome meaſure il- 
luſtrate what we have been ſpeaking of. Let 
a Ball be hung up by a String: This Ball, 
when drawn a little to one Side, will endeavour 
to return back to the loweſt Point, as if there 
were ſome Power ſeated in that Point to draw 
it thither from all Sides. But the Body may 
have a Caſt given it fideways in ſuch Manner, 
as that by Virtue of the Caſt, and by Virtue of 
its Tendency to the loweſt Point together, it 
ſhall deſcribe a Circle parallel to the Horizon ; 
or inſtead of that it may be made to 

Other 
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other Figures, as Ellipſes ſuppoſe, which will 


be of various Forms according to the Force and 
Direction of the Caſt given to the Ball. And 
if we ſuppoſe ſeveral Balls hung up, which 
when remoyed to equal Diſtances from their 
loweſt Points, ſhould tend thither again with 
unequal Forces, and theſe Forces urging them 
by different Laws and in different Manners, the 
Figures deſcribed by them, when thrown ſide- 
ways with this or that Force and Direction, 
will be proportionably different one from ano- 
ther. Now in this Suppoſition, the Caſt which 
is given to the Ball ſideways, correſponds with 
the Endeavour a Body revolving in the Cir- 
cumference of a Circle or other Figure, has to 
move right on continually, and fo to leave the 
Center it ought to revolve about ; and the En- 
deavour, Struggle, or Tendency the Ball, when 
drawn to one Side, has to move towards the 
loweſt Point, or rather the Power which is, as 
it were, ſeated in that loweſt Point, and occa- 
ſions the abovementioned Endeavour or Ten— 
dency in the Ball to move thither, correſponds 
with the Power we ſuppoſed above neceſſary to 
retain a Body in the Circumference of the 
Circle or other Figure it deſcribes, and which 
by bending the Courſe of the Body inwards, 
that is, towards the Center of the Figure, pre- 
vents it from going off in a ſtraight Line. 

We are therefore, in the next Place, to en- 


quire what Degree of Force or retaining Power 


is neceſſary to bend the Courſe of a Body in 
ſuch Manner that it ſhall deſcribe this or that 
Orbit 
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Orbit (2); but ſince the Planets both primary 
and ſecondary, as alſo the Comets, deſcribe 
Orbits either circular or elliptical, as obſerved 
above, we will confine ourſelves chiefly to the 
Conſideration of the Forces neceſſary to retain 
revolving Bodies in ſuch Orbits. 

This Subject has been already touched upon 
in the firſt Part of this Compendium (b), under 
the Title of Centripetal and Centrifugal Forces; 
but little more 1s taken Notice of there, than 
what was requiſite to ſhew the Poſſibility of 
ſuch a Motion as we are ſpeaking of, and to 


explain the Terms, which are theſe that follow, 


vir. Centripetal Force, or that whereby the re- 
volving Body 1s prevented from going on in a 
right Line : The Centrifugal Force, or that by 
which it endeavours to go on in ſuch a Line. 
Theſe, like Action and Reaction, are equal in 
all Caſes, and therefore called by one common 
Name, Central Forces: That whereby the 
Body continues its Motion, is the Projectile 


(a) For unleſs we can meaſure the Forces we aſſign, and ſay 
they are exactly equal to the Effects we ſuppoſe them to produce, 
it would be in vain to aſſign them at all. And this is what makes 
the Difference between true and falſe Philoſophy. The former 
by a mathematical Scrutiny, (as it were by a kind of Menſuration) 
finds that the Cauſes aſſigned are juſtly adapted to the Facts ac- 
counted for; while the other, by a conjectural kind of Method, 
aſſigns Cauſes which perhaps are plauſible at firſt Sight, but when 
meaſured by the Rules of Geometry, are found either too ſmall 
or too great for the Effects they are ſuppoſed to produce. 

This was the Caſe of Des Cartes's Vortices, the Doctrine of 
which captivated the whole Philoſophical World, and continued 
to do ſo, till they were weighed in that unerring Balance, and 
thereby diſcovered to be inadequate to the Purpoſes for which 
they were contrived. | 
| (5) Chap. VIII. 
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Force; and the Time in which it revolves once 
round, is called the Periodical Time. The 
ſeveral Caſes proper to be conſidered, ſhall be 
comprized in the following Propoſitions, 


PRO POSITION I. 


When two or more Bodies revolve at equal 
Diſtances from the Center of the Circle they 
deſcribe, but with equal Velocities, the central 
Forces neceffary to retain them, will be to each 
other, as the Squares of their Velocities. That 
is, if one Body revolves twice as faſt as the 
other, it will require four times the retaining 
Force the other does; if with three times the 
Velocity, it will then require nine times the 
Force to retain it in its Orb, &c. (a) 

N. B. We do not here conſider the Magni- 
tude of the revolving Body, becauſe we ſup- 
pole the Power at the Center, to act upon every 
Part of it alike, ſo that the larger it is, the 
more forcibly in Proportion it is acted upon; 
and therefore it is the ſame thing, whether it 
be large or ſmall. 


(a) Let BDF Fig. 25. repreſent a Cirele whoſe Center is 8, 


draw ABC a Tangent to the ſame at the Point B, and let there 
be a Body moving from A towards C, and let it be ſuppoſed to 
be deſtitute of Weight, or whatever elſe might alter its Courſe. 
In this Caſe it would deſcribe the right Line ABC; but when it 
comes to B, let it begin to be acted upon by ſome central Force, 
or retaining Power ſeated in 8, ſuch as ſhall bend its Courſe at B 
from a rectilineal to a circular one, and acting upon it afterwards 
in every Inſtant of Time in like manner, ſhall cauſe it to de- 
ſcribe the Circle BDFB. Let us then proceed to eſtimate the 
Quantity of Force exerted in producing one of theſe Bendings; 
in order to which let us conceive a Point of the Circle as D - 
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208 The Doctrine Part IV. 
be the very next to the Point B, though taken at ſome Diſtance 
in the Figure to avoid Confuſion of Lines. Parallel to the 
Diameter BF draw the Line CD, and parallel to the Tangent 
BC the Line DG, draw alſo the Line BD, which will be the 
Diagonal of the Parallelogram CG. Now it 1s well known 
that ſuppoſing a Body would move from B to C, and by Virtue 
of ſome other Force acting upon it at the ſame Time, would 
move from B to G, it will neither move to C nor G, but to D; 
that is, its ſtraight Courſe will be bent into a circular one at B, 
for that is what is meant by its moving from B to D when B and 
D are contiguous, as is here ſuppoſed. BG therefore 1s the Space 
over which the revolving Body would move by that Action of 
the central Force which cauſes the Bend at B, or any other 
Point of the Circle. And as BG is equal to the Space over 
which the revolving Body would move by Virtue of the central 
Force, it will always be proportional to the Force it ſelf. The 
Value of that Line is therefore now to be determined. Join the 
Points D and F, then (by 31. El. 3.) the Triangle B DF will be 
rightangled at D, and conſequently (by 8. and 6. El. 6.) BG: BD 


:: BD: BF, from whence BG ==; but when B and D 


are contiguous (as is here ſuppoſed) the Difference between the 


Chord BD andthe Arch BD vaniſhes, ſo that BG == "<= 


Having thus found a Quantity proportionable to the Act of the 
central Force requilite to retain a revolving Body in a Circle, we 
may proceed to eſtabliſh the following fundamental Lemma. 


LEMMA I. 
The Space that a Body retained in a Circle, by Virtue of any 


central Force, would move over in a given Time, by Virtue of that 


Force only, is equal to the Square of the Arch deſcribed in that Time, 
divided by the Diameter of the Circle. 


Dem. The Action of a central Force upon a revolving Body 
is analogous to that of Gravity upon falling Bodies, and therefore 
the Space a Body would move over by Virtue of that Force 
only, is as the Square of the Time that Action continues: As 
then the Square of the Time the Arch BD is deſcribed in (the 


Points B and D being contiguous as before) is to F which, 


by what was ſhewn above, is a Quantity equal to the Space the 
Body would move over towards the Center in that Time, fo is 
the Square of the Time given to the Space the Body would move 
over by Virtue of that Force in that Time. If we then put ? to 


expreſs 
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expreſs the Time the Arch BD would be deſcribed in, T for the 
Time given, and S the Space the Body would move over towards 
the Center in that Time, we ſhall have this Proportion. 


Viz. | - SIT .. . 
rern 
Let the Arch the Body would 


deſcribe in the Time T, be the 
Arch BN, then becauſe the Mo- | 
tion of the Body in the Circum-| |] 
ference of the Curcle is uniform, 
we have 2 : T:: BD: BN 
Squaring the laſt Proportion, 
we have 31:4: T4: : BDA: BNA. 
Altering the Poſition of the B Da 
Means in the firſt Proportion, 4 . 324 JF 8 
wWe have | 
Comparing the third and 5B DA: BN: 572 8 
fourth Step together 4 a BD 
Turning the fifth Step into] 61S x BD4 == X 1 
an Equation 


Dividing the laſt by BD4 | | 7 fS$ = AF QUE. p. 


Coroll. From this Lemma it follows, that the central Force 
requiſite to retain a revolving Body in the Circumference of a 
Circle, muſt be ſuch as, ſuppoſing the projectile Motion ſtopped, 
would cauſe the Body in the Time it would otherwiſe defcribe 
any Portion of that Circumference, to move towards the Center 
of the Circle over a Space or Diſtance of ſuch Length, as would 
ariſe from the Diviſion of the Square of that Portion of the 
Circumference by the Diameter of the Circle. And conſe- 
quently, it will in all Caſes be proportionable to the Square of 
the Arch the Body would defcribe in a given Time divided by 
the Diameter of the Circte: Becauſe the Force exerted in any 
given Time is proportionable to' the Space it cauſes a Body to 
move over in that Time. 

To illuſtrate this, ſuppoſe the Diameter of the Circle 25 
Feet, and the Arch BN 10 Feet, and that the revolving Body 
moves over thoſe 10 Feet in a Minute. Then the Square of 
BN, which is 100, divided by the Diameter, or 25, gives 4 


Feet: The central Force therefore at 8, neceſſary to make the 


Body revolve in the Circle BNF at the Rate of 10 Feet in a 
Minute, muſt be ſuch, as ſuppoſing the Body left to itſelf at B, 
(that is, without any Motion at all towards C, or any Weight 
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be the very next to the Point B, though taken at ſome Diſtance 
in the Figure to avoid Confuſion of Lines. Parallel to the 
Diameter BF draw the Line CD, and parallel to the Tangent 
BC the Line DG, draw alſo the Line BD, which will be the 
Diagonal of the Parallelogram CG. Now i 1s well known 
that ſuppoſing a Body would move from B to C, and by Virtue 
of ſome other Force acting upon it at the ſame Time, would 
move from B to G, it will neither move to C nor G, but to D; 
that is, its ſtraight Courſe will be bent into a circular one at B, 
for that is what is meant by its moving from B to D when B and 
D are contiguous, as is here ſuppoſed. BG therefore 1s the Space 
over which the revolving Body would move by that Action of 
the central Force which cauſes the Bend at B, or any other 
Point of the Circle. And as BG is equal to the Space over 
which the revolving Body would move by Virtue of the central 
Force, it will always be proportional to the Force it ſelf. The 
Value of that Line is therefore now to be determined. Join the 
Points D and F, then (by 31. El. 3.) the Triangle B DF will be 
rightangled at D, and conſequently (by 8. and 6. El. 6.) BG: BD 


:: BD: BF, from whence BG =— Bü but when B and D 


are contiguous (as is here ſuppoſed) the Difference between the 


Chord BD andthe Arch BD vaniſhes, ſo that BG == f 


Having thus found a Quantity proportionable to the Act of the 
central Force requiſite to retain a revolving Body in a Circle, we 
may proceed to eſtabliſh the following fundamental Lemma. 


LEMMA l. 
The Space that a Body retained in a Circle, by Virtue of ah 


central Force, would move over in a given Time, by Virtue of that 


Force only, is equal to the Square of the Arch deſcribed in that Time, 
divided by the Diameter of the Circle. | 


Dem. The Action of a central Force upon a revolving Body 
is analogous to that of Gravity upon falling Bodies, and therefore 
the Space a Body would move over by Virtue of that Force 
only, is as the Square of the Time that Action continues: As 
then the Square of the Time the Arch BD is deſcribed in (the 


Points B and D being contiguous as before) is to ed. which, 


B F 
by what was ſhewn above, is a Quantity equal to the Space the 
Body would move over towards the Center in that Time, ſo is 
the Square of the Time given to the Space the Body would move 
over by Virtue of that Force in that Time. If we then put * to 


expreſs 
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expreſs the Time the Arch BD would be deſcribed in, T for the 
Time given, and S the Space the Body would move over towards 
the Center in that Time, we ſhall have this Proportion. 


Viz. | LT 
I 44: nt: Tars 

Let the Arch the Body would 

deſcribe in the Time T, be the 

Arch BN, then becauſe the Mo- 

tion of the Body in the Circum-| | 

ference of the Circle is uniform, 

we have a e: T:: BD: BN 
Squaring the aſt Proportion, 

we have 31:4: T4 :: BDA: BN. 
Altering the Poſition of the BD 4 

Means in the firſt Proportion, 4} 142 FF 8 

we have BDq 
Comparing the third and 5B DA: BNA; FS 

* Step together || Rn... FJ 

urning the fifth Step intol 61S « BD4 == 

an . 4 | 7 8 BF 

Dividing the laſt by BD! | 7 82 FE Q. E. D. 


Coroll. From this Lemma it follows, that the central Force 
requiſite to retain a revolving Body in the Circumference of a 
Circle, muſt be ſuch as, ſuppoſing the projectile Motion ſtopped, 
would cauſe the Body in the Time it would otherwiſe deferibe 
any Portion of that Circumference, to move towards the Center 
of the Circle over a Space or Diſtance of ſuch Length, as would 
ariſe from the Diviſion of the Square of that Portion of the 
Circumference by the Diameter of the Circle. And conſe- 
quently, it will in all Caſes be proportionable to the Square of 
the Arch the Body would deſcribe in a given Time divided by 
the Diameter of the Circle: Becauſe the Force exerted in any 
given Time is proportionable to' the Space it cauſes a Body to 
move over in that Time. | 

To illuſtrate this, ſuppoſe the Diameter of the Circle 25 
Feet, and the Arch BN 10 Feet, and that the revolving Body 
moves over thoſe 10 Feet in a Minute. Then the Square of 
BN, which is 100, divided by the Diameter, or 25, gives 4 
Feet: The central Force therefore at S, neceſſary to make the 
Body revolve in the Circle BNF at the Rate of 10 Feet in a 
Minute, muſt be ſuch, as ſuppoſing the Body left to itſelf at B, 
(that is, without any Motion at all towards C, or any Weight 


Or 
3 
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or Gravity of its own) would make it move over 4 Feet towards 
S in a Minute. Again, ſuppoſing Things as before, only that 
the Body. revolves with but half its former Velocity, that is, that 
it deſcribes but five Feet of the Circumference of the Circle in a 
Minute; then the Square of that 5 Feet, which is 25, divided 
by 25, the Diameter gives 1; ſo that the central Force in this 
Caſe muſt be ſuch, that by Virtue thereof a Body deſtitute both 
of Weight and projectile Force, ſhall move over a Space 1 Foot 
long in a Minute. And converſely, if there be a Circle, whoſe 
Diameter is 25 Feet, and there be a Power lodged in the Center 
thereof capable of cauſing a Body to move over the Space of 
4 Feet in a Minute; then in order that a Body may be made 
to revolve round in the Circumference of that Circle, it muſt 
be thrown forwards in a Direction at right Angles with the 
Radius of the Circle, with ſuch Velocity as would carry it over 
the Space of 10 Feet in that Time. And if the central Force 
be capable of cauſing it to move over but 1 Foot in a Minute, 
then it muſt be thrown forwards with a Velocity that ſhall make 
it move at the Rate of only 5 Feet: Or, ſince the Velocity 
is uniform, and therefore the Arch deſcribed is proportional to 
the Time it is deſcribed in, inſtead of an Arch as BN to calculate 
with, we may take the whole Circumference, and ſay, that 0e 
Space a Body would move over by Virtue of the Central Force alm, 
in the Time it deſcribes the whole Circumference, is equal to that 
auhich would ariſe from the Diviſion of the Square of that whalt 
Circumference by the Diameter of the Circle, And this 1s that 
exact Adjuſiment between the central and projectile Force we 
have been ſo long in Search of. 

Suppoſe then we would calculate, how far a Stone would 
fall by its own Weight, in the Time in which, if thrown for- 
wards with a ſufficient Velocity, it would move quite round the 
Earth in a Circle. Let us call the Diameter of the Earth, that 
is, the Diameter of the Circle it deſcribes, 1, then the Circum- 
ference thereof would be 3 nearly, the Square of that 3, is 9, 
that divided by the Diameter 1, gives 9; ſo that a Stone would 
fall by Virtue of its own Weight through a Space equal to 
about 9 Diameters of the Earth in the Time it would revolve 
once round it, But it is here to be obſerved, that the Stone 
muſt be ſuppoſed to be of the ſame Weight during its whole 
Fall, that it is of at firſt; and ſo in all other Caſes, we ſuppoſe 
the Energy of the central Force to be the ſame at all Diſtances 
whatever, unleſs when the contrary is expreſſed. 

We have hitherto been conſidering the Energy of the central 
Force, by comparing the Space it would cauſe a Body to move 

over in any certain Time, with the Space the Body ought to 


deſcribe 


4 ct —— mw We „ 1 —_— ""_— WW ww 


[= 


Chap. XVIII. of Central Forces. 211 


deſcribe along the Circumference of the Circle in the ſame 
Time: Let us now take it in another View, and compare the 
Velocity a Body ought to move with to deſcribe a Circle, with 
the Velocity it would acquire in moving over ſome certain Space 
by Virtue of the Central Force only ; from whence will ariſe a 
Propoſition very uſeful in Matters of this kind; and which for 
Diſtinction Sake we will call 


LEMMA II. 


The Velocity a Body ought to revolve with in the Circumference 
ef a Circle, is ſuch as it would acquire in moving by Virtue of the 
central Force only, over half the Radius of that Circle. 

To explain this, let the Body be ſuppoſed at Reſt at B, and 
let it be ated upon by a central Force at 8: Upon this the Body 
will proceed towards 8 with a Motion, which will increaſe every 
Moment (becauſe as in the Caſe of falling Bodies we ſuppoſe the 
central Force acting upon it with the ſame Intenſeneſs, whether 
the Body moves or not) and the Inſtant it gets half Way to the 
Center S, it will have acquired ſome certain Degree of Velocity ; 
that's the Velocity it ought to move with along the Circum- 
ference of the Circle to render its projectile Force an exact 
Counterbalance to the centripetal one of the Power at S. 'Thus, 
ſuppoſe there were a Loadſtone fixed at S, and a Piece of Steel 
at B, diveſted of its own Weight, ſo that it might be at Liberty 
to move freely towards the Loadſtone, and to make the Inſtance 
paralle] to the Caſe before us, let it be ſuppoſed that the Load- 
lone attracts the Steel with the ſame Degree of Force at all 
Diſtances, then whatever Velocity that Steel would have when 
it had got half way to the Loadſtone, that's a Velocity with 
which, if the Steel were thrown from B along the Tangent BC, 
it would move round in the Path BDFB not approaching towards 
or receding from the Loadſtone. But the Steel muſt be ſuppoſed 
to meet with no Reſiſtance from the Air, for if it does it will 
continually loſe ſomewhat of its Velocity, and ſo after ſome Re- 
volutions would fall upon the Body of the Loadſtone. Again, 
ſuppoſe it were required to find the Velocity a Ball ought to be 
thrown forwards with at a ſmall Diſtance from the Surface of the 
Earth, that it ſhould move quite round in a Circle, keeping the 
lame Diſtance from the Surface of it all the Way. It muſt be 
ſuch, as that Ball (upon a Suppoſition that Gravity acts with 
tie ame Degree of Force at all Diſtances from the Center of the 
Earth, as at the Surface) would acquire by falling half way from 
the Place it is thrown from to the Center of the Earth {for that 
v ſuppoſed to be the Seat of the Power that gives it its Weight, 
and thereby hinders it from moving forwards in the Direction it 
k thrown in), And that Velocity is eaſily calculated from 

Aa what 
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what was demonſtrated, Part I. Chap. V. C4, or 5, ſuppoſing 
as Hugens has determined by very accurate Experiments, that a 
Body near the Surface of the Earth falls 15 +; Paris Feet in the 
firſt Second of Time. But enough of this by Way of Explica. 
tion, it is Time to demonſtrate what is here affirmed. 

Dem. Let the Diameter of the Circle be 16 Feet, in which 
Caſe half the Radius will be 4 Feet, then by Coroll. of Lemma 1, 
the Arch the Body muſt run over in the Time it would paſs 
through thoſe 4 Feet by Virtue of the central Force, mult be ſuch 
that the Square of it divided by the Diameter may be 4; that is, 
it muſt be 8 Feet, (becauſe the Square of 8, which is 64 divided 
by 16 the Diameter, gives 4.) but if it deſcribes an Arch of 8 
Feet, in the Time it would fall through 4 Feet, it then moves 
with that very Velocity it might acquire by the Fall; becauſe as 
has been demonſtrated Part I. Chap. 5. 5 7. if a Body moves 
uniformly with the Velocity it might acquire by a Fall, it will 
move over a Space equal to twice the Height of the Fall, in the 
Time thereof. Since then the Body in the Caſe before us, deſcribes 
an Arch of the Circumference of 8 Feet in the Time it would fall 
through 4 Feet, it moves therein with a Velocity it would ac- 
quire by falling through 4 Feet, that is, half the Radius. Q. E. D. 
To avoid a Circumlocution in the midſt of the Argument, I call 
the Space the Body would move over by Virtue of the central 
Force only, from its Analogy therewith, a Fall. 

Univer/ally thus, let the Diameter be equal to 4 times ſome 
certain Space, which Space let us call 4; the Diameter then will 
be equal to 4 % and half the Radius will be equal to the Space 
d, in which Caſe, the Arch the Body deſcribes in the Time it 
would fall through the Space 4 muſt by the abovementioned Co- 
rollary, be ſuch as that the Square of it divided by 4 Times 4 
may be once 4, that is, the Arch muſt be twice d, (becauſe the 
Square of twice 4, which is 4 times 4 divided by the Diameter 

4 times d, gives once 4) but as before, if the Body move uni- 
tormly through twice the Space d, in the time it would fall 
through once that Space, it then moves with that very Velocity 
it would acquire by falling through that Space, that is, ex Hy- 
0th. through half the Length of the Radius. Q. E. D. 

From what has been demonſtrated above, we may eaſily learn 
the Relation which the central Force that is requiſite to retain 
one Body in the Circle it deſcribes, has to that which is required 
for the ſame, or another Body revolving in a larger or leſs Circle. 
Which Relation is expreſled in the following Lemma. 


| LEMM A IL | 
The central Force whereby ong Body is retained in the Circle it 
iigſcribes, is to that whereby a Body moving with a different V. eloc — 
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or in a different Circle might be retained herein, as the Square of the 
Velocity of the former divided by the Radins of the Circle it deſcribes, 
to the Square of the Velocity of the latter divided by the Radius of the 
Circle which it deſcribes. 

Dem. By Corollary of Lemma :, the Energy of the central 
Force is proportionable to the Square of the Arch the Body de- 
ſcribes in a given Time, divided by the Diameter of the Circle. 
And Arches deſcribed in a given Time, are as the Velocities 
whereby they are deſcribed, and the Diameter of a Circle is as 
its Radius; conſequently the Action of the central Force is pro- 
portionable to the Square of the Velocity the Body moves with 
divided by the Radius of the Circle it deſcribes : The central 
Force therefore whereby one Body is retained in the Circle it 
deſcribes, 1s to that whereby a Body moving with a different 
Velocity or in a different Circle might be retained therein, as 
the Square of the Velocity of the former divided by the Radius 
of the Circle it deſcribes, to the Square of the Velocit of the 
* 1 by the Radius of the Circle which it deſcribes. 
Q. E. D. 

Corell. If we call the central Forces whereby the two revolving 
Bodies are retained in their reſpective Circles C and c, their Ve- 
locities V and v, and the Diſtances they revolve at, that is, the 
Radii of the Circles they deſcribe R and r, we ſhall always have 
this Proportion, ere 

FT, 

Theſe Things which are the Foundation of what follows being 
eſtabliſhed, we may now proceed to demonſtrate each Propoſition 
of this Chapter in the Order they lie in; the firſt of which is, 
That when two or more Bodies revolve at equa/ Diſtances from 
the Center, but with equal Velocities, the central Forces ne- 
ceſſary to retain them will be to each other as the Squares of 
their Velocities. 

Dem. Let the Circle which one of the revolving Bodies is 
ſuppoſed to deſcribe in this and the following Caſes, be BDF, in 
Fig. 26. and that which the other deſcribes be & df}, and let us 
call the Diftances they revolve at from the common Center, that 
is, the Radii of the Circles they deſcribe, R and -; the Velocities 
they revolve with V and v; and the central Forces neceſſary to 
retain them C and c. Then by Corollary of Lemma 3, we ſhall 
have for the firſt ſtep of this| | Apes VV wv 
Demonſtration, „ 

But by the Propoſition R is 
equal to 7, therefore 21[C:c::VV: vv. Q. E. D. 
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PRO pP. II. When two or more Bodies move 
with equal Velocities, but at unequal Diſtances 
from the Center they revolve about, their 
central Forces muſt be inverſly as their Di- 
tances. That is, by how many times greater 
the Diſtance a Body revolves at is from the 
Center, ſo many times leſs Force will retain 


it (&). 


PRO p. III. When two or more Bodies per- 
form their Revolutions in equal Times, but 
at different Diſtances from the Center they 
revolve about; the Forces requiſite to retain 
them in their Orbs will be to each other as 
the Diſtances they revolve at from the Center. 
For Inſtance, if one revolves at twice the 
Diſtance the other does, it will require a double 
Force to retain it; if it deſcribes a Circle three 
times as large as the other does, then a treble 
Force 1s requiſite, &c. (c) 


(b) Dem. By Lemma 3, as R 
before, 1 iet 


By the Propoſition V is equal Ca 
to , therefore, iet R * Ab. 


(c) In order to demonſtrate this the following Lemma will be 
of ule. | 


LEMM A IV. 


The periodical Time of a Body revolving in a Circle, is as the 
Diſtance it revolves at from the Center directly, and as its Ve- 
locity inverſly. 

Demonſtration of the Lemma. The periodical Time of a re- 
volving Body, cæteris paribus, depends on the Diſtance it re- 
vol ves at from the Center, becauſe the greater that Diſtance 15, 
the greater is the Circle it deſcribes, and ſo the longer it is in 


coming 
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Prop. IV. When two or more Bodies re- 
volving at dzfferent Diſtances from the Center, 
are retained by equal centripetal Forces, their 
Velocities will be ſuch, that their periodical 
Times ſhall be to each other as the Square Roots 
of their Diſtances. That is, if one revolves at 
four Times the Diſtance another does. it will 
perform a Revolution in twice the Time the 
other does; if at nine times the Diſtance, it 
will revolve in thrice the Time, Sc. (4) 


coming round. Again, ceteris paribus, the greater its Velocity 
is, the ſooner it comes round; and therefore the periodical Time 
is directly as the former, and inverſly as the latter: Or, as che 
former divided by the latter; and =» 


conſequently T:t::pi— QE.D. 


Cirill. And therefore in comparing the periodical Times 
of two Bodies together, if we call their periodical Times T 
and 7, the Diſtances they revolve at R and =; and their 
Velocities V and v, as before, we ſhall have this Proportion, 


„ 4 


V v. 
Demonſt. of the Propoſition. By | e:: VV — 
Corollary of Lemma 3, feb ho 
By Corollary of Lemma 4, 2 2: 5 2 
* 


Multiplying the 2d Step by the 


Ratio of V to v, we have, 3 TV: ο :: R 
By the Propoſition, T is equal 
to 7, therefore, 4]V:v:iRcy 
Comparing the 1ſt and 4th] |<... 14 
Steps together, 5 | a 
That is, oiC:e::Vin QED, 
(4) Dem. By Corollary of | IC: e:: VV , wv 
Lemma 3, 3 
Multiplying by R: 7 2 CR: cr: : VV: v 
By the Propoſition, C is equal 
to c, therefore, . 


Aa 3 By 
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PRO P. V. And in general, whatever be 
the Diſtances, the Velocities, or the periodical 
Times of the revolving Bodies, the retaining 
Forces will be to each other in a Ratio com- 
pounded of their Diſtances directly, and the 
Squares of their periodical Times inverſly, 
Thus for Inſtance, if one revolves at twice the 
Diſtance another does, and is three times as 
long in moving round, it will require 5, that 
is, two nintÞs of the retaining Power the other 
does, For as, if the retaining Power was in 
a Ratio compounded of the Diſtance direct) 
and directly alſo of the Square of the periodical 
Time, the latter Body would require twice the 
retaining Power the other would multiplied 
by 9, the Square of the periodical Time; ſo 
as the latter Ratio is an inverſe one, it requires 
twice that Power divided by q; that is, + or 
tuo ninths of it. For in compounding of 
Ratio's the Way is, if they are both direct to 
multiply them both together; if one be direct 


and the other inverſe, to divide the direct by 


the inverſe; if both are inverſe, to multiply 


them both together, and to divide uit) by 


By Corollary of Lemma 4, 4 1222515 
| V 
Squaring the laſt Step, E TT:#:: 25 
R 
Comparing the 3d and 5th, 6|TT:t#:: * 7 
That is, rr: ;: 8: 
Extracting the Roots of the 7th | | = 
Step, 8.7. = Q. E. D. 


them: 
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them : Thus, if the retaining Power had been 
as the Diſtance znver/ly and 7nverſly too as the 
Square of the periodical Time, then in the 
Caſe before us, the latter Body would have re- 
quired a retaining Power, which ſhould have 
been as the Number 1 divided by 2, multiplied 
by 9; that is as 1 divided by 18: That is, if 
we ſuppoſe 1 to expreſs the central Force re- 
quiſite for the former Body, the Fraction +, 
would have expreſſed that which would have 
been neceflary for the latter; or in other 
Words, their retaining Powers would have 
been related to each other, as 1 is to ; that 
is, the former would have been 18 times 
greater than the latter (e). 


ProP. VI. If ſeveral Bodies revolve at 
different Diſtances from one common Center, 
and the retaining Power lodged in that Center 
decreaſes as the Squares of the Diftances in- 
creaſe ; that is, if at a double Diſtance it be 


(e) Dem. By Corollary of 5 5 — 
Lemma 3, Es * 
Multiplying by R to , 2 CR: c:: VV: v 

R 

By Corollary of Lemma 4, 3 T. 
Multiplying the laſt by V to v, 4 TY 300 FT, 
Dividing the laſt by T to 7, 5 VIV -T 

f | RR ve 
Squaring the laſt, * tVV:00:: TT 7 

ing lesen, 

Comparing the zd and 6th, 7 CRi#::; T 7 
Dividing the laſt by R to 7, 8 Coett FT 7 QE. D. 
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four times weaker; and at a treble Diſtance, 9 
times weaker, &c. the Squares of the periodi- 
cal Times of thoſe Bodies will be to each other 
as the Cubes of their Diſtances from the com- 
mon Center. That is, if there be two Bodies, 
whoſe Diſtances when cubed, that is, multiplied 
by themſelves twice, are double or treble, &c, 
of each other, then their periodical times will 
be ſuch, as that when ſquared only, that is, 
multiplied by themſelves once, they ſhall be 
alſo double, or treble, &c. of each other (f). 


Den. By Corollary of 0 


Lemma z, e A 
By the Propoſition, See:: NK — 
| VV wv L141 
Comparing the 1ſt and 2d Step, | 3 P 
Multiplying by R to 7, 4 | VV : wat: 10 i 5 
By Corollary of Lemma 4, n 3 : — a 
Multiplying by V to v, 6 [TV: ο:: R: 
Dividing by T to , 7 V. 
n RR re 
Squaring the laſt, 8 VV: v. FT 7 ; 
; W 
Comparing the 4th and the 8th, | g w_ | 
Multiplying by TT to zt, 10 42 ;—:: RR 


7 
Multiplying by R to , 11] TT: 7: RRR: rrr. QED. 


And after like manner, we may eaſily demonſtrate the ſeventh 
Corollary of the fourth Propoſition of the firſt Book of Sir Ia 
Newton's Principia. Which becauſe it is of more than ordinary 
Difficulty to Beginners, I here add. It is to this Effect. 

When Bodic: revolve in ſuch Manner that their periodical 
Times are to each other as ſome Power (which call ») of their 

Diſtances, 
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1. 
ö Diſtances, the centripetal Forces requiſite to retain them will 9 
| 
| 


be to each other inverſly as twice that Power wanting one of 
their Diſtantes ; that is, inverſly as their Diſtances raiſed to the 
Power 20—1. 


Dem. By Corollary of Lem "PrP VV vv | | 
ma 3z I 8 j 
Multiplying by the Ratio of 
R tox, 2 CR: cr ;: VV: ww 
By the Suppoſition, | 3 [T: :: Ro py 
| R 
By Corollary of Lemma 4, CEL 1855 F * — 
R 
Comparing the zd and 4th, 5 bath : V _ 
Multiplying by V to , be VR":wr"::R:r 
| R r 
Dividing by Ru to -", 7 V:: N nn 


Dividing the Numerators in the 
laſt Step by R: r, gives 1: 1, | 


and dividing the Denomi- 
nators Ru: A by the ſame, | 
brings them onePower lower, | 
that is, to Ru— 1: 2u—1; | 
therefore the laſt Step is re-{ |} 
ducible to 8]V: 


Squaring both Sides of the 8th | | 
Step, which in the Denomi- 
nators R*—1 and r"—! is 


cone by doubling their Index I 1 

n—1, we have g|VV: OV 21 rr_—_ j 
Comparing the 2d and gth I "EE i 

Steps, * CR : & :: RZn—2 : point | 


Dividing by R to r, which in 
the Denominators R*"—* 


and -*"—= js done by adding x 
+ 1 to their Index 2n—- 2, 4 1 WH i} 
by which means it becomes RZun—1 72n—1 


2n—1, we have | QE.D. 


Scholium. The foregoing Demonſtrations would have pro- ht! 
ceeded with equal Succeſs, had we only taken the Antecedcnts, ö 
or the Conſequents in each Step; that is, only the large or my 

h 2 the 
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the ſmall Letters. Which Method, becauſe IT ſhall make uſe 
of it hereafter, I will here give a Specimen of. Let it then 
be required to demonſtrate the firſt Propoſition of this Chapter 


over again in this latter Method. 


By Corollary of Lemma 3. The central 
Forces are as the Squares of the Velocities 
divided by the Radii of the Circles de- 
ſcribed, which put thus 

By the Propoſition, the Circles deſcribed 
have one common Radins, call it 1. 
Then 

oh the 1 and 2d Step compared, we 

ave 


2 


| 


** 
* 


81 


3]1C: VV. 


| 
That is, the central Forces of the revolving Bodies are to each 
other as the Squares of their Velocities, which 1s the Senſe of 


the Propoſition. 


Again, let it be required to demonſtrate the Corollary taken 
from Sir 1/aac Newton's Principia, over again in this Method, 


| 
By Corollary of Lemma 3, — 


' 


By the Suppoſition — 
By Corollary of Lemma 4.- 


Comparing the 2d and 3d Steps — 


Multiplying by V — 

Dividing both Sides by R, reduces R to 1, 
and brings Ru one Power lower, that is 
to R*—1, ſo that we ſhall then have 


Dividing by R— 


Squaring the laſt Step, whith in the 
Quantity R*—? is effected by doubling 
the Index n—!, we have 


Multiplying the firſt Step by K —— 
Comparing the two laſt — 
Dividing by R, which in the Quantity 


RZzu—2 is done by adding one to the 
Index, we have 


J 


2 


3 


VV 
CI 
T : Rn 

R 
T. 


Secondly, 


C 
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Secondly, Of the Forces neceſſary to retain 
Bodies revolving in other Orbs. 


PRO P. VII, If a Body be turned out of i 
its rectilineal Courſe by Virtue of a central 
Force, which decreaſes as you go from the 
Seat thereof, as the Squares of the Diſtances 
increaſe ; that is, which is inverſly as the 
Square of the Diſtance, the Figure that Body 
{hall deſcribe, if not a Circle, will be a Para- 
bola, an Ellipſe or an Hyperbola, and one of 
the Foci of the Figure will be at the Seat of 
the retaining Power. That is, if there be not 
that exact Adjuſtment between the projectile 
Force of the Body and the central Power ne- 
ceflary to cauſe it to deſcribe a Circle, it will 
den deſcribe one of thoſe other Figures, one 
| of whoſe Foci will be where the Seat of the 

WW rctaining Power is (g). 


(2) In order to ſhew this it will be neceſſary to premiſe the 
following Lemma's. ö 
| LEMMA V. 1 


10 

The Velocity of a Body deſcribing any Curve, (if its Courſe i. 
regulated by à retaining Peer ) is in one Point of the Curve to its 
Velocity in any other Point thereof, inverſiy as a Perpendicular drawn 
from the Seat of the retaining Power to @ Tangent of the Carve at 
the firſt Point, to a Perpendicular drawn from the ſame Place to a | 
Tangent at the other Point. That is, in fewer Wards, the Velocity il 
of the Boay is incverſly as a Perpendicular let fall from the Seat of 1 
the retaining Power to a Tangent at the Point where the Body is. 
Thus, if the Body be at D, a Point in Curve DEF, Fig. 27, and 
D be a Tangent thereto, and SP a Perpendicular to that Tangent, 
drawn through S the Seat of the retaining Power, the Velocity of 
the Body at D, compared with its Velocity in other Parts of the 


Curve, will be inver/ly as SP, that is as the Quantity 55 ; 
„ 3 Dem. 


E EMT — —— by 
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Dem. It has been demonſtrated, Part I. Chap. VIII. that re. 
volving Bodies deſcribe equal Areas in equal Times; that is, if 
a Body deſcribes the Curve Line DEF, and the Arches DE, 
EF, Oc. be run over in equal Times, the Areas DES, EFS, Se. 
will be equal; which Areas if we ſuppoſe the Times as ſmall az 
poſlible, may be conſidered as ſo many right-lined Triangles, he. 
Cauſe in that Caſe the Lines DE, EF, &c. looſe their Curvity, 
and being produced are Tangents to the Curve. Produce the 
Line DE to P, and let fall the Perpendicular SP, then the Area 
of the Triangle DES, is had by multiplying its Baſe DE into 
half SP; and the Area of EFS is equal to its Bate EF multiplied 
by half a Perpendicular drawn from S to EF produced, Se. 
But theſe Triangles being deſcribed in equal Times, are all equal, 
the longer therefore their Baſes, the ſhorter their Perpendiculars, 
But the Baſes being run over in equal Times by the revolving 
Body, they are as the Velocity of the Body wherewith they are 
deſcribed ; conſequently the greater the Velocity of the Body, 
the ſhorter is the Perpendicular to the Tangent where the Body 
is. Which is the Senſe of the Lemma. 


LEMM A VI. 


Whatever Curve a revolving Body acſcribes by Virtue of a centri- 
petal Force, whether the Seat of that Force be within or without the 
Curwe, the Action of that Force upon the Body when at any one Point 
of the Curve, muſt be to the ſame upon the Body, when at another 
Point of the Curve, directiy as the Liftance of the Body from the 
Seat of the retaining Power and interſly as the Cube of a Perpendi- 
cular let fall from the Seat of the retaining Porver to a Tangent to 
the Curve at the Point where the Body is, multiplied by the Radius 
of a Circle of equal Curvature with the Figure at that Point. That 
26, iff AX in Fig. 28, be the Curve d:iſcribed, and MDN, wheje 
Center is C, be à Circle of equal Curvature with the Figure at the 
Point D, and PD be a T angent to that Point, and SP a Perpendicular 
thereto drawn through S the Seat of the retaining Power, the central 


Force requiſite to act upon the Body at D muſt be as SPC that 
$7 DS 
18, if wwe put R for the Radius CD, as ITETY 


Dem. By Lemma 5, the Velocity of the revolving Body when 


at Dis as g, calling then that Velocity V, 
we have — — 1 IV: S5 
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By Corollary of Lemma 3, the central Force neceſſary to 
retain the Body in that ircle, (or, which is the ſame thing, at 
the Point D in the Curve ADX, becauſe they are both of equal 


Curvature there) would, if placed at C, be as N But whereas 


it is placed at 8 it acts obliquely to DC, and therefore to pro- 
duee the ſame Effect, muſt act more forcibly in the Proportion 
of SD to DT, ſuppoſing ST perpendicular to DC; that is, be- 
cauſe SP is equal to DIT, in the Froportion of SD to SP. | 


VV VV 
But by the Golden Rule 3 SP: SD:: 5 — 
Conſequently the central | 
Force neceſſary if placed 
not at C but at 8, is ex- 
5 VV x SD 
{bl b | — 
5 *|"SPXR 
Putting then C for the Ac- 
tion of the central Force 
neceſſary to be placed at] | VV N SD 
S, we have ge: FN er, which is the 
; 8 
ame Thing, VV x = - 
Comparing the 2d and 4th 1 SD 
Steps together 6]C: Iba * JP 7k 
SD 
That is, | 7e: SPN R- Q. E. D. 


L EMMA VII. 


Let AD Fig. 29 be a Parabola, whoſe Axis is AG, and its Focus 
S, and let PDF be a Tangent at the Point D, through the Focus S 
end Point of Contact D draw the Lines PS and DG beth perpendi- 
cular to the Tangent PD, then will PS be equal to half DG. 


Dem. Produce DP till it meets the Axis in X, and draw the 
Diameter DO, and join the Points D and 8: Then becauſe DO, 
as being a Diameter is parallel to GX, the Angle FDO is equal 
ts DXS; 'tis alſo equal to the Angle XDS (Miln. Conic. Sect. 
Part IV. Prop. 4.) the Triangle XSD is therefore an Iſoſceles 
one, and SP being perpendicular to the Baſe XD, XP is equal 
to half XD; but PS and DG being parallel, the Triangles 
XPS and XDG are ſimilar, and therefore PS is alſo equal to 
half DG, QE. D. 


LEMMA 


0 
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; L EMMA VIII. 

Let AD Fig. 30, be à Portion of @ Parabola, an Fllipfe or 4 
Hyperbola, one of whoſe Foct is S, its longer Axis AB, and it, 
Parameter or Latus rectum L; and let PF be a Tangent at fle 
Point D, 7 the Points D and &, through the latter of which qua 
the Line SP perpendicular to the Tangent, and through the former ile 
Zine DG perpendicular alſo to the Tangent, and croſſing the longer 

L3 X SD3 
Avis in G, then will DG br equal to LN 

Dem. Through the Point G draw the Line GT perpendicular 
to DS, then will the right-angled 'Triangles DGT and DSP be 
ſimilar, becauſe the Angles DSP and SD are alternate, conſe. 


quently 1 [DG:DT:: SD: 8P 
But by Miln. Conic. Se&. Part 

IV. Prop. 6. 2 [DT =4L 
From the 1ſt and 2d Steps 

compared together 3 DG: 2 L:: SD: SP 
Turning the 3d Step into an L x SD 

Equation | 4 | DG =m_— 

L 3 xXSD3 

Cubing the laſt Step | 5 | PG F QED. | 


LEMM A IX. 


Things remaining as before, product DG to C in Fig. 31, 32, 33, 


| L x SD3 
fo that the Line DC may be equal to e , then will à Cir 


zobeſe Center is C, and Radius CD, be of the ſame Curvature, and 
coincident with the Figure AD at the Point D, whether it be 4 
Parabola, an Ellipſe or an Hyperbola. 
Demonſtration. 
I. For the Parabola. The ſame Lines being drawn as in the 


foregoing Figure, draw alſo through D, Fig. 31, the Diameter 
Dy, and take a Portion of it as DI equal in Length to the 


Parameter of that Diameter, and let fall the Perpendicular IH 


meeting DG produced in H, and let L be the Latus rectum or 


Parameter of the Figure, then | 
by the 3d Step of Lemma 8, DG: L:: SD: SP 
The Angle HDI wants IDF tof | 
make it a right one, the 
Angle PSD wants SDP to 
make it a right one, but IDF 
and SDP are equal, Miln. 
Conic. Sect. Part IV. Prop. 
4, therefore HDI and PSD 
are ſo alſo, the Triangles 
therefore HDI and SD are 
ſimilar; conſequently 2 SD: SP:: DH : DT. 


From 


. 
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From the 1ſt and zd Steps | | 
compared together 3]DG:5L:: DH: DI 
By Miln. Conic. Sect. Part 
IV. Prop. 10. Coroll. 41 DI = 4DS 
From the 3d and 4th Step 
compared 5 [DG :4L:: DH: 4D$ 
Multiplying the Antecedents | 
of the firſt Step by 4, 614DG:z3L::4SD:SP 
Compounding the 5th ande 
6th Steps, that is multi LL 
plying them together 7 4 DG* : _ :: DH: SP 
Lemma 7, | 3814 DG == SP 
Comparing the 7th and 8th] | LL 
Steps 9|4DG* : — :: DH: 2 DG 
: | | + | 
Turning the gth Step into| | LL x DH 
an Equation 10 2 DG? = : 
| LL x D 
Taking half the 10th Step [11] DG3 = be 
L. x $D3 
1 Lemma 8, 12 DG? = —— 
d * 11th and N DH x LL __ LLL X $D3 
Diiding the 13th Step by — * 
LL DH = L x SD3 
& AS Of 
5 | L x SD3 
taking the 14th Step fis DH == 
L x S$D3 
But by Suppoſition 16] CD = 1 
Comparing the two laſt Steps [17] CD == # DH 


But DH being perpendicular to PF, and the Angle at I a 
right one, it is obvious a Circle whoſe Diameter is DH, (and 
conſequently by the laſt Step, whoſe Radius is DC,) will paſs 
through the Point I, 31. El. 3, and will have the Line PF for 
a Tangent to it at D; but by Miln. Conic Sect. Part III. Prop. 
11, Coroll. 1. ſuch a Circle will be of equal Curvature with the 
Parabola at the Point D; and the Circle and the Parabola will 
be alſo coincident with each other at that oint, becauſe the 
Line PF is a Tangent common to both. Q. E. D. 


| 


| 


II. For 


— — 


—— — —-—-— 
— * 


* 3 


—— — — — — — 
— y * * 


— - — — 


Eo 
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IT. For the Ellipfis and Hyperbola. Let AD in Fig. 32, be a 
Portion of an Ellipſis, in Fig. 33, a Portion of an . 
one of whoſe Foci is 8, its Latus rectum L, and it longer Axis 
AB; let PF be a Tangent at the Point D, and draw the Lines 
SP, SD, and DG as in Fig. 30; draw alſo the Diameter Da 
and produce it to I, ſo that DI may be equal to the Parameter 
of that Diameter ; let fall the Perpendicular IH meeting DG 
produced in H, through the Center E draw the Semiaxis EQ, 
and the Diameter K conjugate to Dd; and to the longer Axis 
AB, the Ordinates DM and KN ; and in the Hyperbola produce 
EK and HD till they meet in R. 'Then by the known Property 
of the Ellipſis and Hyperbola De L'Hoſpit. Liv. 2. Prop. 2. 
and Liv. 3. Prop. 2. EQ EAN:: DM1: AM x MB 
Simſon's Conic. Sect. 
Lib. 2. Prop. 19. and 
Lib. 3. Prop. 43. 2 |AM x MB = ENa 
Comparing the iſt and 
2d Steps together, and 
extracting their Roots | 3]EQ: EA:: DM: EN 


The Diameter K& being cdnjugate to Dd is by the Definition 
of ſuch a Diameter, parallel to the Tangent PF, and conſe- 
quently DH being perpendicular to that Tangent, the Triangle 
GER is a right-angled one, that Triangle therefore and the 
right-angled one KEN are ſimilar as having in the Ellipſe, their 
Angles at E vertical ; in the Hyperbola, common : The right- 
angled Triangles GER and DGM are alſo fimilar, as having 
their Angles at G in the Ellipſe, vertical ; in the Hyperbola, 
common : And conſequently the Triangles KEN and DGM 
are ſimilar in each Figure. 


Therefore | 4 |DM : EN :: DG: EK 
Comparing the 3d and 
4th Steps together [5 EQ: EA:: DG: EK 
The right angled Tri | | 
angles DER and DHI 
in the Ellipſe are fi- 
milar as having their 
Angles at D common, | | 
in the Hyperbola as 
having their Angles 
at D vertical, conſe- 
quently 16 DE: DR:: DH: DI 


Chap. XVIII. 


By the Definition of the 
parameter Dl, for the 
Ellipſe De L'Hoſpit. 
Lib. 2. Definit. 13. 
for the Hyperbola 
Lib. 3. Defnit. 15. 
The Extremes of the 
two laſt Steps being 
the ſame, the Product 
of the Means of the 
one muſt be equal to 
the Product of the 
Means of the cther, 
that 15 
Multiplying the 8th 
Step by EK 
By Simſon's Con. Sect. 
1. 2. Prop. 20. for 
the Ellipſe, Lib. z. 
Prop. 45. for the Hy- 

| perbola 


_— — _— —" 9 


From the 9 and 10 
Dividing the 11 by DH 
By the Definit. of a 


principal Parameter 

ö Wherefore from the 

laſt by Definit. 10. 
Elem. 5. 
Multiplying the two 
laſt together, 
Comparing the 5th and 
5th together, we 
have 
Multiplying the two 
laſt Verms of the 
6 *. 
16th Step by DER it 
becomes | 
Comparing the 12th 
Step and the 17th to- 

$1 gether 


-- 


of Central Forces. 


_ 


" 


DE: EK :: 2EK : DI 


2 EKA — DH x DR 
2 EK — DH x DR x EK 


DR X EK — EA x EQ 


2 ERK — DH Xx EA X EQ, 


2 EK? 


PH e— KA X EQ_ 


3 L: R;: EQ; EA 


x L : EA:: EQ8 : EA. 
LL 


: : EQ x EA:: EQ): EA» 

E EN TA DG? Ex. 
. ( RT HC 
anne DH 
LL 1 a 
i eee, ye BAKE. 
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The Conſequents in the 
18th Step being the 
ſame, the Antecedents 2 DG? LL, 
are equal, that 1s 19 PH = 

4 


ODE LL x DH 
Multiplying by DH Þ}20 2 = 
But the laſt Step here is the ſame with the 1oth in the Demon- 
{tration for the Parabola, from whence therefore the ſame Con- 


cluſion is to be drawn here as there: for the Propoſition in Miln. 


Conic. Sect. referred to at the End of that Demonſtration, relates 


alſo to the Ellipſe and the Hyperbola. 
Demonſlration of the Propoſition above, to which this Note 


refers, 

Let ADX, Fig. 28, be a Portion of the Figure the revolving 
Body deſcribes, whether it be a Parabola, an Ellipſe, or an 
Hyperbola ; and let L be the Latus Rectum or Parameter of the 
Figure; let the Seat of the retaining Power be at 8, one of the 
Foci thereof, and let the revolving Body be ſuppoſed at D: draw 
the Line PD a Tangent to the Curve at that Point, and let fall 
the Perpendicular SP. Perpendicular to the Tangent draw the 
Line DC, which let us ſuppoſe to be the Radius of a Circle as 
MDN, of the ſame Curvature, that the Figure AD is at the 
Point D. Then it is obvious, that the ſame Force which placed 
at S would retain the revolving Body in the Circumference of the 
Circle when it came at D, will retain it in the other Figure, at 
that Point, they being at that Place one and the ſame Curve. But 


DS ; 
as Fp NR. Calling then the re 


ruining Power C, we ſhall have this le: DS 
Proportion, wx. 1E 


And ſince the Circle MDN is of the ſame Curvature and co- 
mcident with the Figure ADX, its Radius DC is by Lemma 9, 


by Lemma 6, ſuch Force is 


3 * 
equal to the Quantity LI putting then R for the Radius 


as before we ſhall have this Equation 2 |R == r- 
Comparing the 1it and 2d Step to- : 
gether, we ſhall have this Pro- DS 
portion | 3 — 
Expunging SP! as being both Mul- DS dah 
tiplicator and Diviſor + ba TLD 


e 


3 
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That a Body ſhall deſcribe Figures ſo diffe- 
rent, when the Power that directs its Courſe 
is the ſame, and acts by one and the ſame Law, 
is owing to the Degree of Velocity the Body 
moves with. Thus ſuppoſing the central 
Power placed at 8 (in Fig. 34.) and that the 
revolving Body ſets off at D in the Direction 
DB perpendicular to the Line DS, with ſuch 
Velocity as it would obtain in falling by Virtue 
of that central Power only, half way from D 
to 8, it will then, by Lemma 2, deſcribe a 
Circle as DKM, whoſe Center is the Point S: 
If it ſets off from D in the ſame Direction as 
before, but with a leſs Velocity, it then re- 
volves within that Circle deſcribing an Ellipſe, 
15s DLN, one of whoſe Foci is at 8, the Seat 
of the retaining Power, and the other between 
that and the Point D, as at F. If it ſets off 
from D with ſomewhat greater Velocity than 
what it would acquire by the above-mentioned 
Fall, it will ſtill deſcribe an Ellipſe, as DEO, 
oe of whoſe Focz ſhall be at S as before, but 


PS 1 

m. all by DS 2 5 C: TL 

Zut 3 L is the ſame, whatever Point 
of the Figure deſcribed the re- 
volving Body is at, and may 
therefore be conſidered as Unity, 1 
conſequently 6 C: PSA 


That is, the retaining Power, if it be inverſly as the Square of 
the Diſtance, and ſeated in the Focus of the Figure, will direct 
the Courſe of the revolving Body in ſuch Manner, as that it 
hall deſcribe the faid Figure, be it a Parabola, an Ellipſe or an 
Hyperbola, Q. E. D. 


Bh 2 the 


— — —— 
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the other ſhall be beyond it as at G. If it ſets 
off with a Velocity which is greater than that 
it would acquire by the above-mentioned Fall, 
in the Proportion of y/ to 1, that is the Square 
Root of 2 to 1, it ſtill deſcribes a Figure, one 
of whoſe Foci is S as before, but the other, as 
G, goes off to an infinite Diſtance ; that is, the 
Figure deſcribed becomes a Parabola, as DPQ, 
whoſe Focus is 8. If it ſets off with a greater 
Velocity than this laſt, the Seat of the retain- 
ing Power remains till at 8, but the other 
Focus G goes yet farther off; that is, it comes 
on on the other Side the Point D as at H, and 
the Figure deſcribed becomes an Hyperbola, 
as DRT, whoſe Foci are S and H. 

From hence it is obſervable, that of the four 
Figures there are but two wherein an exact 
Adjuſtment is requiſite between the retaining 
Power and the projectile Force, vig. the Circle 
and the Parabola. In the former of which, 
the Velocity muſt be ſuch as the Body would 
acquire by falling half way to S, in the latter 
it muſt exceed that in the Proportion of the 
Square Root of 2 to 1; that is, in the Propor- 
tion of ſomewhat leſs that 1: to 1. Thus 
for Inſtance, if one Degree of Velocity is re- 
quiſite to cauſe a Body ſetting off at D, to re- 
volve in a Circle about the Point 8, as a Center; 
it will require about one Degree and an half 
to make the Body ſetting off at the ſame Place, 
to deſcribe a Parabola by Virtue of the ſame 
retaining Power ſeated in the ſame Point 8. 


A gain, 


W a oa a r 


— - 


. 2 „„ F „ OY on 
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Again, the ſame Figures may be deſcribed, 
though the Seat of the retaining Power be in 
the other Foci, F, G, or H; for Inſtance, if it 
be at F, in order that the Body may deſcribe 


the Ellipſe DLN, it muſt ſet off at D with 


the ſame Velocity it had in the former Caſe 
when it came to N: If it be at G, it will de- 
ſcribe the Ellipſe DEO, ſetting off at D with 
the Velocity it had before at O: And if G, the 


Seat of the retaining Power be at an infinite 


Diſtance, or in other Words (becauſe to ſay a 
determinate Point is at an infinite Diſtance, is a 
contradiction in Terms) if the retaining Power 
act in ſuch manner as it would do if the Seat 
of it was at an infinite Diſtance; that is, if it 
act upon the revolving Body in Lines parallel 
to DG; and with the ſame Degree of Force, 
whether the Body be at D, at P, or at Q, Cc. 
it will deſcribe the Parabola DPQ with what- 
ever Velocity it ſets off with from D. For to 
deſcribe a Circle round the Point G at an in- 


finite Diſtance ; it mult ſet off with an infinite 


Velocity, becauſe, as obſerved above, it muſt 
{et off with the Velocity it would acquire by 
falling half way to that Point; now a Body 
will deſcribe an Ellipſe round a given Point 
with any Degree of Velocity leſs than it will 
deſcribe a Circle with round the ſame, as it 


was obſerved that the Ellipſe DLN was de- 


Icribed with leſs Velocity than the Circle 
DKM, but a Parabola is no other than an 


Lliple, one of whoſe Foc! is at an infinite 


B b 3 Diſtance, 


— — _ 
* — — — — — — — 
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Diſtance, the Body will therefore deſcribe a 


Parabola when the Seat of the retaining Power | 


is at an infinite Diſtance, with any Degree of 
Velocity leſs than an infinite one. 


This is the Reaſon, that Projectiles upon 


the Surface of the Earth are ſaid to deſcribe 
Parabola's, becauſe on Account of the great 
Diſtance of the Center of the Earth, compared 


with the Height Bodies can be thrown to, | 
Gravity does as to Senſe, act upon them uni- 


formly and in parallel Lines. 


Again, when the Point G the Seat of the 
retaining Power goes oft at an infinite Diſtance 


one way; it immediately, or indeed ſtrictly 


, at the ſame Inſtant, becomes the Point 


at an infinite Diſtance the other way; ſo that 


thoſe two conſidered as at an infinite Diſtance, 
are as it were one and the ſame Point; and 


conſequently it is the ſame thing whether the 
retaining Power be at G an infinite Diſtance to 
the Right, or at H an infinite Diſtance to the 


Left, and therefore the Figure will till be a a 
Parabola, and may alſo be deſcribed with an) 


Degree of Velocity : only if it be at H, an in- 


finite Diſtance to the left, the Power al be 


negative in reſpect of what it was before; 
that is, it muſt be of the repulſive Kind, as it 


1s obvious it ought to be, to cauſe the revolv- 
ing Body to deſcribe a Figure whoſe Con- | 
vexity is turned towards the Seat of the e. 


f 


tainin g Power. 
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If the Seat of the retaining Power H comes 
nearer, ſo as to be at a finite Diſtance from the 
other Focus S, the Power muſt ſtill be nega- 
tive, or repulſive; and the Figure deſcribed 
will be an Hyperbola, whoſe Foci are H and 
S. And the Hyperbola in this Caſe may be 
deſcribed whatever be the Velocity the Body 
ſets off with ; for the central Force being of 
the repulſive kind, the Figure deſcribed will 
neceſſarily be convex towards the Seat thereof, 
that is, towards one of its Foci; but none of 
the Sections of the Cone have one of their 
Foci on the convex Side of the Figure, and at 
a finite Diſtance from its Vertex, except the 
Hyperbola (+). | 

| Hence 


) In order to evince the Truth of what is here affirmed, the 
following Lemma will be of Uſe. 


LEMMA X. 


Let the Curve Line DPQ in Fig. 35. repreſent @ conic Section, 
one of” whoſe Foci is S, and let the Circle DKR be of the ſame 
Curvature therewith at its Vertex D, then if the Curve be a Pa- 
rabola, DR the Diameter of the Circle will be equal to, if it be an 
Ellipſe, it will be leſs, if an Hyperbola it will be greater than four 
times the Diſtance DS. | 

Demonſt. of the Iemma. (By Milnes Conic. Sect. Part III. 
Prop. 2. Coroll. 5.) DR the Diameter of tke Circle is equal to 
the Parameter of the Axis of the Curve, whether it be a Para- 
bola, Ellipſe or Hyperbola, which let us call, L. 


Therefore i |L = DR 
J. But in the Parabola, by the 
Definition of the Parameter, 


(De L' Hoſpit. Con. Set. | | 
Livr. I. Def. 5.) 2|L = 4 DS 


Comparing 1 and zd Step | 3|DR = 4DS. QF. D. 
B b 4 8. If 
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2. If the Curve be an Ellipſe, 
let F be its other Focus, 
then will DF + DS be 
equal to its longer Axis, 
De L'Hoſp Con. Set 
Liv. 2. Cor. 2. of the De 
finitions ; call its ſhorter 
Axis X. Then from the 
Definition of the Parame- 


ter (De L'Hoſp. Con Sect. 


Liv. II. Def. 8.) we ſhall 
have this Proportion 

'Turning the laſt Step into 
an Equation 


(By De L'Hoſpit. Con. Sect. 
Liv. 2. Corol. 4. of the 
Definitions) the Square of 
half X is equal to DS x 
DF, that is 


Conſequently 
Comparing the 5th and 7th! 
Step 


Turning this Equation into 
a Proportion 

Comparing the iſt and the 
gth Step 


But DF is leſs than DF * DS, therefore DR is leſs than 4 


DS. Q.E. P. 


3. If the Curve be an Hyperbola, let H be its other Focus, 
then will DH — DS be equal to its longer Axis, by De L'Hoſp. 
Con. Sect. Liv. 3. Corol. 2. of the Definitions: And call as 


| 


| 


5 


10 


ö 


E 


X 

L AE 

J 
= =D x DF 

7 X1= 4DS x DF 

Ltr 

— DS+DF 
L: 4DS: : DF: DF + DS 


L:X::X: DSI Dx 


DR : 4DS : : DF: PPA DS 


before its ſhorter Axis X; then from the Definition of the Pa- 
rameter De L'Hoſpit. Conic. Sect. Liv. 3. Definit. 8.) we ſhall 


have this Proportion | 
'Turning the laſt Step into 
an Equation, 


(By De L'Hoſpit. Con. Se. 


1av. 3. Coroll. 4. of the 
Definitions) the Square of 
half X is equal to DS x 
DH, that is 


Therefore 


12 


13 


L: X:: X: DH DS 
X 
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Comparing the 11th and | 4 DS x DH 

13th Steps 14 L = HH PS 
Turning this into a Pro- 

portion | 15] L:4DS:: DH: DH DS 
Comparing the iſt and 14th 

Steps 16] DR: 4 DS: : DH: DH — DS 


But DH is greater than DH — DS, therefore DR is greater 
alſo than 4 DS. Q. E. D. This being premiſed, we may proceed 
to confirm what was laid down in the Text above. 

1. Let the Curve DPQ be a Parabola, and the Circle DKR 
being of the ſame Curvature with the Parabola at the Point D, 
as ſuppoſed above, the Velocity a Body ought to ſet off with 
from D, to deſcribe the Circle, is the ſame with that with 
which it ought to ſet off, to deſcribe the Parabola: but the Ve- 
locity it ought to ſet off with to deſcribe the Circle, is by Lem- 
ma 2 ſuch as it would acquire by falling to 8, becauſe DS bein 
(by Lemma 10.) a Quarter of DR, is equal to half the Radins 
of the Circle ; call this Space 2: but the Velocity it ought to 
ſet off with to deſcribe a Circle, whoſe Center is 8, is ſuch as it 
would acquire by falling through half DS, which Space (becauſe 
the whole Line DS 1s called 2) muſt be called one. Now the 
Velocities Bodies acquire by falling through certain Spaces are 
to each other as the Square Roots of thoſe Spaces (by Part I. 
Chap. 5. F 6.) the abovementioned Velocities therefore are to 
each other as V 2c©0 1. That is, the Velocity a Body ought to 
ſet off with from D (the Vertex of the Figure, and in a Direction 
perpendicular to the Axis DS, which I would always have ſup- 
poſed) in order to revolve in a Parabola whoſe Focus is 8, is to 
that it ought to have at the ſame Place (and in the ſame Direc- 
tion) to deſcribe a Circle whoſe Center is 8, as / 2 to 1. 

2. Had the Figure DPQ been an Ellipſe, a Quarter of DR 
the Diameter of a Circle of the ſame Curvature therewith, had 
been (by Lemma 10.) leſs than DS; and ſo the Velocity the 
Arcvolving Body muſt have had to deſcribe that Circle, or (which 
is the ſame Thing, becauſe of their equal Curvatures) the Ellipſe 
would have been acquirable by falling through a leſs Space than 
DS, and therefore would have been a leſs Velocity. That is, 
it would have exceeded the Velocity requiſite for a Circle, whoſe 
Center is S the Seat of the retaining Power, in a leſs Proportion 
than that of / 2 to 1. 

3. If the Figure DPQ be an Hyperbola, a Quarter of DR is 
bigger than DS (by Lemma 10.) and ſo the Space a Body muſt 
tall through to get a competent Velocity for that Curve, will be 
vreater than what it muſt fall through to obtain a competent 
Velocity for the Parabola: The Velocity therefore requiſite for 
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Hence we may obſerve, that, ſuppoſing the 
Motion of a revolving Body be ſo adjuſted to 
the Power by which it is retained, that it ſhall 
deſcribe a circular Orb, and its Velocity be 
afterwards altered by ſome Accident, and 
thereby the Adjuſtment thereof to the central 
Force deſtroyed, that Body ſhall not imme- 
diately fall to the Center: the Form of its 
Orbit only will be altered, and from being 
circular, will become elliptical, parabolical, or 
hyperbolical, according to the Alteration made 
in its Velocity. Let its Velocity be diminiſhed 
in any Degree whatever, or let it be increaſed, 
but ſo that it ſtill may bear a leſs Proportion 
to that which is requiſite to make the Body 
deſcribe a Circle than the Square Root of 2 
does to 1, and the Orbit will become an Ellipſe; 
if its Velocity be ſo far increaſed as to bear the 
ſame Proportion to that which is neceſſary to 
make it deſcribe a Circle, as the Square Root 
of 2 does to 1, its Orbit becomes a Parabola; 
if its Velocity be ſtill farther increaſed, the 
Orbit becomes an Hyperbola. Hence we 
have a probable Reaſon why the Orbits of 
the Planets are now elliptical ; for ſuppoſing 
them to have been circular at firſt, as it is not 
unlikely they were, yet upon the firſt Dil- 
turbance in their Motions, whether from their 


the Hyperbola excecds the Velocity required for a Circle whoſe 
Center is 8, in a greater Proportion than that of / to 1. 
From which all that is aſſerted above in the Text to which this 
Note refers, except what is there otherwiſe accounted for, may 
be collected. 


mutual 


n 
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mutual Action upon each other, the Reſiſtance 
of the Medium they revolve in, the Acceſs of 
a Comet, or any other Cauſe whatever ; and 
whether their Motion be increaſed or decreaſed 
thereby, provided it be not increaſed in a De- 
gree beyond the Proportion above laid down, 
their Orbits would immediately become ellip- 
tical. Should the Motion of any of them be 
increaſed ſo as to come up to, or exceed the De- 
gree abovementioned, its Orbit would accord- 
ingly be changed into a Parabola, or an Hy- 
perbola, and the Planet would go off, never 
to return. 

Prop. VIII. If the Force of the central 
Power decreaſes as the Square of the Diſtance 
increaſes, and ſeveral Bodies revolving about 
the ſame, deſcribe Orbits that are elliptical, 
the Squares of the periodical Times of thoſe 
Bodies will be to each other as the Cubes of 
their middle Diſtances from the Seat of that 
Power (2). 


(4) To demonſtate this Propoſition, let the following Lemma 


be premiſed. 
LEMM A XI. 

The Area a revolving Body deſcribes, is as its Velocity multiplied 
by a Perpe;.dicular let fall from the Seat of the retaining Poxwer. 10 
@ Tangent at that Point of the Curve where the Bod is. 

Demonſl. of the Lemma. Let AB in Fig. 36. be the Curve de- 
ſcribed, DC a Portion of the « urve deſcribed in the leaſt Time 
poſhble, then will DC repreſent the Velocity of the Body ; pro- 
duce DC to P, then will DP be a Tangent to the Curve: From 
S the Seat of the retaining Power let fall the Perpendicular SP, 
draw DS and CS; then will DCS be the Area the Body de- 
ſcribes, but DC by reaſon of its ſhortneſs may be conſidered as 
a ſtraight Line, the Area DCS is therefore a Triangle, which is 


had by multiplying the Baſe DC into half the Perpendicular SP, 


therefore 
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therefore it is proportionable to DC multiplied by the whole 
Line SP, that is, to the Velocity of the revolving Body multi. 
= by a Perpendicular let fall from the Seat of the retaining 

ower to a Tangent at that Point of the Curve where the 
Body is. Q. E. D. 

Dem. of the Propoſition. Let ADB and aab in Fig. 37 and 38. 
repreſent two Ellipſes, whoſe principal Parameters are L and L, 
and let S be one of the Foci of the one, and s one of thoſe of 
the other, and let the Ellipſes be ſuppoſed to lie in ſuch manner 
upon one another, that the Points S and 5 may be one and the 
ſame Point, which let us ſuppoſe to be the Seat of the retaining 
Power; and let the revolving Bodies be at D and q, through 
which draw the Tangents PD and pd, the Perpendiculars PS and 
DC, and ps and dc, and the Lines DS and 4s; and let DC and 
de be Radii of Curvature to the Points D and 4; and let the 
Force of the retaining Power at the Diſtance SD be called F, 
and at the Diftance 4 be called 7, and let the Velocities of the 
revolving Bodies when at the Points D and 4 be called V and v. 
Then becauſe by the Propoiition the Force of the central or 
retaining Power 1s ſuppoſed to decreaſe as the Squares of the 
Diſtances SD and 3 increaſe, that is, to be reciprocally as the 
Squares of thoſe Diſtances, we ſhall have for the firlt Step of the 

1 I 
following Proceſs, this Analogy, vis. | 1 F: f:: 557 a 
Parallel to the Tangents draw the Lines SH and , and let the 
Force of the retaining Power which acts upon the Body at D in 
the Direction DS be reſolved into two others, viz. DP and DH, 
the former along the Tangent DP, the latter along the Radius 
of Curvature DC, then it is obvious that it is by this latter Force 
only that the revolving Body is retained in the Circle whoſe 
Radius is DC, that is, in the Ellipſe at the Point D, the other 
Force along the Tangent only accelerates the Body wnen moving 
towards A, and retards it if moving towards B. To compute 


the Quantity of Force in the Direction DC, ſay as DS is to DH 
fo is the oblique Force F, or inſtead thereof _ (ſee Step the 
iſt) to a fourth Number, which fourth Number by the Golden 


DH 
Rule will be ITT (becauſe SP is equal to DH 


| $ . * 
like manner we ſhall have - for the Force retaining the other 


8 
) SD3? and in 


Body in the Circle whoſe Center is c; but by Corollary of Lem- 
ma 3. the Force neceſſary to retain a Body in a Circle whoſe 
Radius is CD is expreſſible by the Square of its Velocity divided 
aby the Radius of the Circle it deſcribes, that is, in the preſent 


Caſe 


r 


ris as 0 
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VI 


Caſe by TP And in like manner the Force retaining the other 


Body in its Circle, will 


94 


be J. conſequently 


Multiplying the laſt 
Step by CD: c 


Since CD is ſuppoſed 
to be the Radius of 
a Circie of equal 
Curvature with the 
Figure, we ſhall have 


by Lemma q. theſe ' 


Equations, viz. 


Comparing the zd and 
4th Steps 


That is, by reducing 
the laſt Step to lower 
Terms 


Extracting the Square 
Root of each Term 


Multiplying by SP: « | 


But by Lemma 11. the 
Area one Body de- 
{cribes is to that 
which the other de- 
{cribes in the ſame 
time, as V x SP to 
V X ab, Which Areas 
call A and a, and 
we ſhall have this 
Proportion, viz. 


Comparing the 8th and 
gth Steps 


1 


9 


10 


. 2 Ve wn 

S5 1 pP od 

SP 1 s 

FB * CD: Xa: V1: v1 


L x SD? I'X «48 
pn... , and cd = ＋ 
Den of ee 
851“ 285 © an 295 i 
br. 
850 55 V4 : a4 
L VI 


IJ 7 22 V0 


A: a:: VX SP: αᷓ 


A:a::VL:vi1 


Now the Area of the whole Ellipſe ADB is to that of the 
other adb, as AB the longer Axis multiplied by QN the ſhorter, 
to ab gn, thoſe Quantities therefore may be put for the Areas 
themſelves : If then we call the Time in which the Areas A 
and @ are deſcribed in, one, (as one Hour or one Minute 
ſuppoſe) and the Times the whole Ellipſes are deſcribed in T 


and 
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and 7; we ſhall have (ſince the Area a revolving Body deſcribes 
is proportional to the Time it is deſcribed in) the following 


r 


Analogies, wiz. 11: T:: A: AB XN ſor 
And 21 ab xn the 
Comparing the 3 laſt AY; bor 
Steps together we 13 15 1 ::VL: AB * QN . In 
have the two fol- . 4 | 
lowing ones, wiz. -, hob VT: abx * ; fly 
By De I. Hoſpit. Con. By 
Sect. Liv. 2. Def. 8.15 AB: M:: MN: L oi 
Turning the laſt Pro- bu 
portion into an Equa- ; 
tion © [16|ABxL = N . p 
Extracting the Square | | 1 
Roots of each Side! 1 
| of the Equation 17 VABXVL= QN _ 6 
| And in like manner IS VAX VI gn Y 4 
| Comparing the 1 zih | © Kc 
and 17th Steps to- 2 ret 
gether 19 1: T:: VL. ABXVABXʒVIL. 5 Dj 
: And comparing the| | tio 
| | 14th and 18th to-| 5 3 | 
ether 2o0[1:t::VT:abxVabxvT 0 
| 8 
Dividing the latter Part e 
of the 19th Propor- | Des in 
| tion by V I. 21 1: T: 1: AB X VAB 1 th 
1 Dividing the latter Part | | 
| of the 2oth Propor-| | 1 ah 
| tion by 7 2212722 1: a0 X V 
| Comparing the 21ſt 3 
| and 22d 23\T:t::ABXVAB: ab X V 
| | Squaring each Term |24{ TT: i :: ABA Xx AB: ab1X ab 
| That is 25 TT: :: AB3 : ab3 
But half the longer Axis AB is equal to the middle Diſtance I h. 
SN, (De L'Hoſpit. Conic. Sect. Liv. 2. Coroll. 3. of the De- 48 
, finitions) therefore ſince Halves are proportionable to their ef 
| . Wholes 126] TT: 7t:; Ni: . Q.E.D. . 0 | 
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ProP. IX. If the retaining Power decreaſes 
ſomething faſter as you go from the Seat 
thereof (or which is the ſame thing, increaſes 
ſomething faſter as you come towards it) than 
in the Proportion mentioned in the laſt Pro 
tion, and the Figure the revolving Body de- 
ſeribes be not a Circle, the Axis of that Figure 
will turn the ſame Way the Body revolves ; 
but if the ſaid Power decreaſes (or increaſes) 
ſomewhat ſlower than in that Proportion, the 
Axis of the Figure will turn the contrary Way. 
Thus, if a revolving Body as D, Fig. 39. 
paſſing from A towards B deſcribes the Figure 
ADB, whoſe Axis AB at preſent points to- 
wards M and N, and the Power whereby it is 
retained decreaſes faſter than the Square of the 
Diſtance increaſes, after a Number of Revolu- 
tons the Axis of the Figure will point towards 
O and P, and after that towards Q and R, Sc. 
revolving round the ſame Way with the Body, 
and if the retaining Power decreaſes {lower 


than in that Proportion, the Axis will turn 
the other Way (:). 


(i) Dem. Let 8 in Fig. 40. repreſent the Seat of the reta'n- 
ing Power, and let a Body as D, deſcribe the Orb AUG paſſing 
from A towards B; and let another as N deſcribe a revolvin 
Orb as MNO equal and fimilar to the former, and let both the 
Orbits be deſcribed in the ſame Time ; and let the Velocity 
wherewith the Orb MNO revolves be ſuch, that the Angle 
ASN ſhall always be proportionable to the Angle ASD. To 
explain this a little farther, ſuppoſe that when the Bodies N and 
D fet out from M and A, thoſe two Points were then together 
at A; or that the Orbits did then coincide ; bu: that N advances 
'orwards in ſuch Manner, as that if the Angle ASN is at any 

time 
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time double, treble, or in any other Proportion of the Angle 
ASD, it ſhall always be ſo: That is, that the Line SN ſhall 
always move faſter or flower than the Line SD in ſome certain 
Proportion; and that the Point M ſhall follow or go from the 
Body N, fo as that the Arch MN ſhall always be equal to the 
Arch AD. And let it farther be ſuppoſed that the Line SN is 
always equa] to SD. 

The firſt Inquiry which ariſes here is, whether this be a 
poſſible Caſe ; that is, whether the Body N moving with the 
above-mentioned Reſtrictions, the Line SN can defcribe Areas 
proportionable to the Times, becauſe as was ſhewn, Part I. 
Chap. 8. that is always requiſite where Bodies revolve round a 
central Force, and are retained in their Orbits thereby. Let it 
then be conſidered in the firſt Place, that the Body D revolving 
in the quieſcent Orb ADB may do ſo, its Motion being clogged 
with none of thoſe Suppoſitions; ſecondly, that the Line NS is 
always equal to DS, and the Velocity wherewith its Extremity 
N moves forwards, is proportionable to that which D the Ex- 
tremity of the other moves with ; and conſequently the Areas 
which one deſcribes, (for the Areas depend ſolely on the Length 
and Velocity of the Lines that deſcribe them) will be propor- 
tionable to thoſe which the other deſcribes : Since then hots of 
the former may be proportionable to the Times they are de- 
ſcribed in, it is poſſible thoſe of the latter may be ſo too; the 
Suppoſition therefore above laid down is not abſurd. 

The next Inquiry is, by what Law the Action of the central 
Force at S mult decreaſe as we recede from it, that a Body as N 
may deſcribe the revolving Orb MNO in the Manner above- 
mentioned, Or, which will anſwer our Purpoſe as well, how 
the Force neceſſary to retain the Body N deſcribing the revolving 
Orb MNO, muſt differ from that which is requiſite to retain the 
other Body D deſcribing the quieſcent Orb ADB equal and 
fimilar thereto. 

In order to this, let DR, in Fig. 41. repreſent a Portion of the 
quieſcent Orb deſcribed in the leaſt Time poſſible, this then may 
be conſidered as a ftrait Line; and let the Motion of the Body 
along this Line be reſolved into two, the one towards S along the 
Line DT, and another along the Line 'TR at right Angles there- 
with ; then will DT repreſent the Velocity wherewith the Body 
deſcends towards 8, and conſequently the Action of the central 
Force whereby it is retained in the Arch DR; and TR will re- 
preſent the Velocity by which it advances forwards in the mean 
time. Let it now be ſuppoſed that the Orb ADB advances for- 
wards, while the Arch DR is deſcribing; but not by Virtue of 
any additional Force in the Center, but by ſome extrinſic one, 
no matter what : That is, ſuppoſe that the Line SD turns _— 
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the Point S faſter than it would otherwiſe have done, carrying 
the Body with it ſo much the faſter; but that the Body deſcends 
towards S along that Line juſt as it did before: That is, in other 
Words, that the Line D'T which repreſents the Deſcent of the 
Body, is of the ſame Length as before; but that the other Line 
TR which repreſents the Progreſs of the Body forwards, is longer 
than it was in the other Caſe, Let it then become TQ in which 
Caſe, the Body moving over the Line DT and the Line TQ in 
the ſame Time, will in reality get to the Point Q: But obſerve, 
that the Point Q_1is farther from S than the Point R is, becauſe 
the Angle at 'T 1s a right one; whereas the Law which we laid 
down above for the Motion of a Body deſcribing a revolvin 
Orb was ſuch, that at the End of the Time in which DR woul 
be deſcribed in the quieſcent Orb, the Body in the revolving 
Orb, ſhould be at the {ame Diſtance from S as if its Orb had 
not revolved ; if then round the Point S, we deſcribe a Circle as 
RFG, and through S draw the Line Q, N muſt be the Point 
the Body muſt come to. Since then the Body in deſcribing the 
revolving Orb without any Addition to the central Force above 
what would cauſe it to deſcribe the quieſcent one, would come 
to Q; but with ſuch an Addition as 1s neceſſary to make it re- 
volve in the manner above laid down, it comes to N, it is ob- 
vious that the Line QN being the Diftance between thoſe two 
Points will aptly reprcſent that Addition. It remains then to 
get the Meaſure of that Line, which may be done in the fol- 
lowing manner, 

Produce QT to F, then (by 36. El. z.) will the Rectangle 
QN x QG be equal to QR X Qt. Therefore 
1 |QNXQG = QR x QF 

R x Of 

Dividing by QG QON == = 


Let it be obſerved then in the firſt Place, that as the Motion 


2 


of revolving Bodies is ſuch that they deſcribe equal Areas in 


equal Times, the longer the Line Ds is (that is the nearer D is 
to A, ſuppoſe) the ſhorter. the Line 'TR muſt be, and for the 
ſame Reaſon alſo the Line Q: That is, both TR and Q are 
reciprocally as SD, which let us put thus 


OL 

3 TR. 5 

| I 

And 4 QF: 


Obſerve ſecondly, that ſince RF 
is a Chord of a Circle, and 
ST perpendicular to it 5 IIR = TF | 
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From the Figure | 6 | QF = QT— TR 
17 


Becauſe RT and TF are equal Qr = QT + TR 
Since then by the 3d and 4th Steps, 'TR and QT are both 
reciprocally as SD, and by the 6th and 7th Steps, F is equal 


to the Sum of thoſe Lines, and QR is equal to their Difference, 
it is obvious that QF and QR are alſo each reciprocally as 8D, 


which put thus 8 QF: 55 
I 
And 9|W: x53 
Multiplying the 8th and gth ' 
Steps together of MXM. 57 


Obſerve alſo that when the Points D, T, R, Q and N coincide, 
which muſt ever be ſuppoſed, becauſe we are all this Time con- 
ſidering only what is done at one and the ſame Point of the Curve 
ADB, QN is nothing with reſpect to NG, therefore QG and 
NG are the ſame Line; therefore QG may be ſaid to be as NG, 
or as half of it, viz. RS, or which will be the ſame Thing, DS; 
therefore inſtead of QG in the 2d Step, we may put DS, and 

| | R F 

then it will ftand thus 11] QN = ä 
The 11th Step without altering 
the Value of it, may be ſet 


' 
thus 12] QN XXS 
| Comparing the roth and 12th] | 


| I I 
Steps together we have 131 QN = 55⁴ * 
I 
That is I, QN = Der 


That is, the Line QN, or the additional central Force requiſite 
to cauſe a Body to move in a revolving Orb muſt be reciprocally 
as the Cube of the Diſtance of the revolving Body from the Seat 
of the retaining Power. Whereas then, when the centripetal 
Force decreaſes as the Square of the Diſtance increaſes, the re- 
volving Body deſcribes 2 Parabola, an Ellipſe, or an Hyberbola; 
if to that centripetal Force be ſuperadded another, that ſhall de- 
creaſe 2s the Cube of the ſaid Diſtance increaſes ; thoſe two 
Forces acting conjointly upon a revolving Body ſhall cauſe it to 
deſcribe the ſame Figure as before, but the Axis thereof ſhall 
revolve the ſame Way that the Body does. | 

But obſerve here, that if a Force decreaſes faſter in any Degree 
whatever than the Square of the Diſtance increaſes, but ſlower 


than the Cube, that Force is the Sum of two Forces, * 
wWhic 


r 
ww 
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Thus it is the heavenly Bodies, vig. the 
Planets both primary and ſecondary, and alſo 
the Comets, perform their reſpective Revolu- 
tions. The Figures in which the primary 
Planets and the Comets revolve, are Ellipſes, 
one of whole Foci are at the Sun. The Areas 
they deſcribe by Lines drawn to the Center of 
the Sun, are in each proportionable to the Times 
in which they are deſcribed. The Squares of 
their periodical Times are to each other as the 
Cubes of their middle Diſtances from the Sun. 
The ſecondary Planets deſcribe alſo Circles or 


which decreaſes as the Square, the other as the Cube of the 
Diſtance increaſes. Thus for Inſtance, let the Diſtances be as 
2 to 1, the Squares of them will be 4 to 1, their Cubes 8 to 1; 
and let the Forces be as 6 to 1 ; I fay, this Proportion will ariſe 
from adding 4 to 1 to 8 to 1; for 4 to 1 added to 8 to 1, is 12 
to 2, that is 6 to 1, Again, let the Forces be as 5 to 1; I ſay, 
this alſo will ariſe from adding 4 to 1 to 8 to 1; for inſtead of 
4 to 1 let us take 12 to 3 which is the ſame Thing, this ſuper- 
added to 8 to 1 makes 20 to 4, that is, 5 to 1. Again, let the 
Forces be as 7 to 1; this alſo is the Sum of 4 to 1 added to 8 to 
1; for inſtead of 8 to 1 we may take 24 to 3, which added to 
4 to 1 gives 28 to 4, or 7 to 1. And the ſame for Fractions : 
o that let a Proportion be what it will between 4 to 1 and 8 to 
1, it may be conſidered as ariſing from 8 to 1 added to 4 to 1. 
When the retaining Power therefore by which a revolving Body 
is kept in its Orbit, decreaſes faſter than the Square of the 
Diſtance increaſes, but not ſo fait as the Cube thereof does; it 
is a Power decreaſing as the Square, having another Power de- 
creaſing as the Cube of the Diſtance ſuperadded to it; and 
therefore as the Propoſition in the Text alerts, if the retaining 
Power decreaſes ſomething faſter, Sc. Q. E. D. As to the 
Figures turning the contrary Way, when the centripetal Force 
decreaſes ſomewhat ſlower than as the Square af the Diſtance 
creaſes; that is demonſtrable after the ſame manner, mutatis 
natandis; and therefore needs not be inſiſted on. 


Cc 2 Ellipſes, 


2. Aa A Sb —„—ỹe << 
— 


246 The Doctrine Part IV. 


Ellipſes, one of whoſe Foci are in the Center 
of their primary ones. The Area that each 
deſcribes by Lines drawn to the Center of its 
Primary, is proportionable to the Time it is 
deſcribed in. The Squares of the periodical 
Times of the Secondarles belonging to the ſame 


Primary, are to each other as the Cubes of 


their Diſtances from their Primary. And above 
all, that very Force by which Stones or heay 
Bodies fall to the Surface of the Earth with us, 


nn 


is at the Diſtance of the Moon, juſt ſufficient 


to retain her in her Orbit, ſuppoſing it to de- 


creaſe as we go from the Center of the Earth ; 
in that Proportion, in which the Cauſe, that 
retains her and the reſt of the Planets in their 


Orbs, whatever it be, muſt do to make them 


elliptical (7). And farther, which alſo is a 


neceſſary 


(1) To find out whether this be ſo or not, let us calculate 


what Velocity the Moon would acquire, were ſhe to fall half 
way to the Center of the Earth by Virtue of that Gravity, 
whereby heavy Bodies tend to the Earth; and compare it with | 
the Velocity ſhe moves with in her Orbit; becauſe by Lemma 
2 of this Chapter, if ſhe be retained in her Orb by that Gravity, 
thoſe Velocities ought to be the ſame. The mean Diſtance of 
the Moon from the Earth in round Numbers is 60 Semidiame- | 
ters of the Earth, therefore the Force of Gravity at the Diſtance 
of the Moon is the Square of 6o times leſs than it is at the Su- 
face of the Earth; therefore the Fall of a Body at that Diſtance | 
in a Second of Time, will be ſo many times leſs than it is here; 
but the Fall of a Body here in a Second, is about 15 Paris Feet, | 
conſequently at the Moon it is but ,004166 Feet. The Space 
then 2 Body would move over in a Second, with the Velocity } 
acquired by that Fall, is, by Part I. Chap. 5. $ 7. twice that 
Quantity, viz. 008332 Feet, which Number therefore may be 
E to expreſs the Velocity a Body would acquire thereby. Now | 
ecauſe the Velocities bodies acquire by falling, are as the _ | 
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neceſſary Conſequence of what we are about to 
lay down, the Motion of the Planet Saturn is 
obſerved to be diſturbed by Jupiten; and the 
Secondaries of Juprter to be diſturbed in their 
Motions upon the nearer Approach of Saturn; 
and the Courſe of the Moon is inceſſantly al- 
tered by the Action of the Sun, in ſuch man- 
ner as to cauſe all thoſe Irregularities mentioned 
in Chapter the Sth of this Part. All which, 
together with the Preceſſion of the Equinoctial 
Points, the Nutation of the Poles of the Earth, 
and the Phenomena of the Tides, which na- 
turaily flow from it, make it extremely pro- 
bable that there is a Virtue diffuſed about the 
Sun and Planets, not unlike that of Attraction, 
which decreaſes as the Squares of the Diſtances 
from the Centers of thoſe Bodies increaſe, and 
acting upon Bodies in Proportion to the Quan- 


Roots of the Spaces they fall through, Part I. Chap. 5. 5 6. 
ſay, as the Square Root of ,004166, is to the Square Root of 
590866170, which is half the Semidiameter of the Moon's 
Orbit, (ſuppoſing the Semidiameter of the Earth to be 19695 5 39 
Feet, Which is Ca//iri's Meaſure, and the Diſtance of the Moon 
from the Earth to be 60 Semidiameters above) ſo is , oo8 332 to 


3135 Feet, which is therefore the Space the Moon would move 


over in a Second with the Velocity ſne would acquire by falling 
half way to the Center of the Earth. But this comes within an 
hundredth Part of her Velocity in her Orbit, as may eaſily be 
calculated from the Time ſhe revolves in, viz. 27 Days, 7 
Hours, and 43 Minutes, and the Semidiameter of her Orbit, 
which according to the Meaſures we have taken above, is 
1181732340 Feet. That Force therefore by which Bodies fall 
to the Ground with us, is at the Diſtance of the Moon ſuch as 
1s requiſite to direct her Courſe. 

N. B. The Proportion of a Paris Foot to that of Exgland, is 


as 307195 to 343800, c 
Cc 3 tity 
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tity of Matter they contain, cauſes the Comets 
and primary Planets to revolve about the Sun, 
and the Secondaries about their reſpective pri- 
mary ones, according to the Tenour of the 
Propoſitions laid down in this Chapter. 

This being allowed, it will follow, that as 
the Sun attracts the Planets, and thereby re- 
tains them in their Orbs, they in like manner 
attract the Sun, though with Forces propor- 
tionable only to the Quantities of Matter they 
contain; ſo that ſtrictly ſpeaking, each primary 
Planet revolves not about the Center of the 
Sun, but about a Point which is the Center of 
Gravity between the Sun and that; and that 
the Sun moves alſo round that Point, and is al- 
ways oppoſite to the Planet with reſpect there- 
to: And likewiſe that the Center of the ſolar 
Syſtem is not in any one Body, but in the 
common Center of Gravity of all the Bodies of 
which it conſiſts. But then the Sun is ſo im- 
menſely large in reſpect of any one, or all of 
thoſe Bodies put together, that that Center is 
very near the Center of the Sun. In like 
manner, the Moon does not revolve about the 
Center of the Earth as a Point at reſt, but 
the Earth and Moon revolve each about the 
Center of Gravity common to them both, 
which Center of Gravity it is, and not the 
Center of the Earth, that deſcribes the Orbit 
the Earth is commonly ſaid to revolve in. 
And to of the other Planets which are at- 
tended by Secondaries. 


ch a. as Sol 
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The Irregularities in the Motion of the 
Planet Saturn, and thoſe of the Secondaries of 
Jupiter, owing to the Cauſe abovementioned, 
are ſo exceeding ſmall, that it ſhall ſuffice to 
have juſt mentioned them. 

The more remarkable Effects of the diſturb- 
ing Force of the Sun, are the lunar Irregularities, 
the Preceſſion of the Equinoctial Points, the Nu- 
tation ot the Poles of the Earth, and the ebbing 
and flowing of the Sea, which ſhall be particu- 
larly conſidered in the following Chapter. 


CH AF. MIA 


of ve Lunar Irregularities, %e Pre- 
ceiſion of the EquinoRtia Points, 
the Nutation of the Poles of the 
Earth, and the ebbing and flowing 


of Ma Sea, 


I. O account for the lunar Irregularities, 
let S in Fig. 42. repreſent the Sun, 

T the Earth, and LMNO the Orbit of the 
Moon, and let the Moon be in one of its Qua- 
dratures at L, and let the Lines LS and TS be 
drawn. It is obvious, that the Tendency the 
Moon has towards the Sun is along the Line 
LS, and that which the Earth has, is along the 
Linz TS: Let then the former of theſe be 
reſolved into two others, the one along LA 
BY parallel 
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parallel and equal to TS, the other from L 
to T along the Line LT. The former of 
theſe Tendencies being parallel and equal to 
that whereby the Earth tends along the Line 
TS, alters not the Situation of the two Bodies 
L and T with reſpe& to each other; that is, 
it diſturbs not the Motion of the Body L; but 
the other along LT increaſes its Tendency to- 
wards T. 

And this Increaſe will be to the Tendency 
the Moon has to A, which is the ſame the 
Earth has to S, as the Diſtance LT to LA, or 
TS. Or in other Words, the Gravity of the 
Moon towards the Earth in the Quadratures 
is augmented by the Action of the Sun; and 
that Augmentation is to the Tendency the 
Earth has to the Sun, as the Length of the 
Line LT, or the Diſtance of the Moon from 
the Earth, to T'S the Diſtance of the Earth 
from the Sun. 8 | 

So that the greater the Moon's Diſtance 1s 
from the Earth, the Diſtance of the Sun re- 
maining the ſame, the greater will this in- 
creaſe of the Moon's Gravity towards the Earth 
be. But if the Diſtance of the Moon from the 
Earth remains the ſame, and the Diſtance of 
the Sun be augmented, this additional Increaſe 
will be the leſs in Proportion to the Cube of 
that Diſtance (a). 


Let 


(a) For, if TS be increaſed while LT remains the ſame, 
LI will be ſo much the leſs with reſpe& to T'S, that is the In- 
creaſe will be diminiſhed in Proportion to the Sun's . 
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Let now the Moon be in one of its Syzygies 

at M, then will the Tendency ſhe has to the 
Sun over and above what the Earth has, which 
is farther off at T, be to that which the Earth 
has, as the Difference of the Squares of SM 


and ST is to the Square of SM: but the Dif- 


ference between the Squares of SM and ST 
bears nearly ſuch Proportion to the Square of 
SM as twice MT, that is MO, does to SM; 
becauſe the Difference between the Squares of 
two Numbers whoſe Difference is very ſmall 
with reſpect to either of them (as the Difference 
between SM and ST 1s with reſpect to the 
Diſtance of S) bears little more than double the 
Proportion to the Square of the leſſer Number, 
that the Difference between the Numbers them- 
ſelves bears to the leſſer Number (n). The 


But when T'S the Diſtance of the Sun 1s increaſed, the abſolute 
Force of the Sun, and therewith the abovementioned Increaſe, 
will be diminiſhed alſo in proportion to the Square of that 
Diſtance, conſequently taking in both the Accounts, it will 
upon the whole, be diminiſhed in Proportion to the Cube of 
that Diſtance. | 

(n] Dem. Let a be the leſſer Number, and a +6 the larger, 
_ let their Difference & bear no ſenſible Proportion to the 
eſſer a. | 


Then the Square of the leſſer is 


aa 
The Square of the larger is aa ＋ 2 ab + bb 
The Difference between theſe is —— 2 ab + bb 
And 4b being rejected as inconſiderable, the Ri 
Difference is only 
Now the Proportion of 2 ab to aa is (taking 4 3 
out of each Term) 


But 25 to a, is double the Proportion that once 5 has to a, and 
therefore the Difference between the Squares of the two Numbers 
bears little more than double the Proportion to the Square of the 
leſter Number, that the Difference between the Numbers them- 
ſelyes bears to the leſſer Number. Q. E. D. 


Tendency 
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tendency therefore the Moon when at M, has 
to the Sun, over and above what the Earth has, 
is to that which the Earth has, nearly as MO, 
or twice LT, to SM, or becauſe of the Sun's 
great Face, as twice LT to TS. Her 
Tendency therefore to the Earth is now di- 
miniſhed in that Proportion: But as was ſhewn 
above, it was augmented in the Quadratures in 
the Proportion only of LIT to TS. The Di- 
minution here is therefore nearly double of the 
Augmentation there. 

And whereas that Augmentation, when the 
Diſtance of the Sun remains the ſame, was 
ſhewn to increaſe with the Diſtance of the 
Moon; but when the Diſtance of the Moon re- 
mains the ſame, to decreate with the Cube of the 
Sun's Diſtance; this Diminution being always 
nearly double ol that, will do the fume. 

When the Moon is in the other Syzygy at 
O, ſhe is attracted towards the Sun leis than 
the Earth is by the Difference of the Squares 
of SO and ST; which as to the Effect, is the 
ſame Thing as though the Earth was not at- 
tracted at all towards S, and the Moon were 
attracted the contrary Way, fo that her Ten- 
dency to the Earth is here alſo diminiſhed, as 
well as when ſhe was at M, and almoſt in the 
fame Degree; for on Account of the Sun's 
great Diſtance, the Difference between the 
Squares of SO and ST is nearly the fame as 
between ST and SM. © 

Or becauſe this Way of accounting for the 
Diminution of the Gravity of the Moon to- 

wards 
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wards the Earth in the Syzygies may not be 
ſufficiently clear, it may be conſidered other- 
wiſe, thus. The annual Courſe of the Moon 
round the Sun being performed in the ſame 
Time that the Earth's is, ſhe ought to be re- 
tained in that Courſe by the ſame Force that 
b the Earth is, whereas when ſhe comes to M, 
| the Action of the Sun upon her is greater than 
i is upon the Earth, by the Difference of the 
Squares of SM and ST'; and when ſhe is at O, 

it is leſs than it 1s upon the Earth by the Dif- 
ference between the Squares of ST and SO: So 
; MW that in the former Caſe ſhe is drawn too much 
WM towards the Sun, and in the latter too little; # 
and therefore in both Caſes her Tendency to- 4 
wards the Earth is diminiſhed; and almoſt in 1 


w "I SE —— © 


the ſame Degree; becauſe, as was obſerved ' | 
above, the Difference of the abovementioned. 1 
Squares is nearly the ſame in either Caſe. 


1} Let the Moon be in a Point of her Orbit 
between the Quadrature and the Syzygy, as 
at L in Fig. 43. Then being nearer the Sun 
than the Earth is, ſhe will be attracted with a | q 
ſtronger Force: Let it be expreſſed by LS | 
produced to D till LD be of ſuch Length, 
that T'S being put to expreſs. the Action of 
che Sun upon the Earth, LD may be long 
enough to expreſs the ſtronger Force of the 
Sun upon the Moon: And let LD be reſolved 
into two others, one of which let be LA equal 
and parallel to TS, then will the other be 
AD, or its equal and parallel LG. This LG 
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is the only diſturbing Force upon the Moon at 
L, the other LA being parallel and equal to 
TS, affects the Moon juſt as the Sun does the 
Farth; and ſo alters not their Situations with 
reſpect to each other. Let then, to avoid a 
Confuſion of Lines, this Figure with the Line 
LG, be removed to the 44th. This Force 
LG may be reſolved into LI and LH, the one 
a Tangent to the Orbit of the Moon, and the 
other perpendicular thereto: The former ac- 
celerates the Motion of the Moon when going 
from the Quadrature at Q to the Syzygy at B; 
and will retard it when going from B to R. 
The other when H falls upon TL produced, 
as in this Figure, diminiſhes the Tendency of 
the Moon towards the Earth, and when it falls 
between L and T, it augments it. 

When the Moon is at L between the Qua- 
drature R and the oppoſite Syzygy O, in Fig. 
45. the Tendency of the Moon towards the 
Sun is leſs than that of the Earth; it may then 
be exprefled by LD a Line ſhorter than TS, 
and is reſolvable into LA a Line equal and 
parallel to TS and DA, or its equal and pa- 
rallel LG. Which LG is the only diſturbing 
Force, and may, as in Fig. 44. be reſolved 
into two others, one of which ſhall draw the 
Moon towards O, the other to or from T, as 


r 


A 


the Caſe may happen. So that in the firſt Place, 
the nearer the Moon is to its Syzygies, the | 
reater will be its Velocity; and the nearer it 
is to the Quadratures, the ſlower it will move; 
| becauſe 
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becauſe one of the Forces into which LG is 
reſolvable (as LI in Fig. 44.) accelerates its 
Motion from the Quadratures to the Syzygies; 
and retards it as much from thence to the Qua- 
dratures. Which is the firſt Irregularity (n). 

2. When the Moon is in the Quadratures as 
at L or N, or in the Syzygies as at Mor O, 
ſee Fig. 42. the diſturbing Force is directed to 
or from the Center of the Earth; and there- 
fore when the Moon is paſſing thoſe Points it 
i; no Impediment to her deſcribing Areas pro- 
portionable to the Times; but when ſhe is at 
L in Fig. 44, or 45, where the diſturbing 
Force is expreſſed by LG, only one of the 
Lines into which it is reſolved, as LH, points 
to or from the Center of the Earth, the other, 
as LI, pointing another Way, prevents her de- 
ſcribing Areas proportionable to the Times. So 
that it is only in the Quadratures and Conjunc- 
tions, that the Areas are proportionable to the 
Times. Which is the ſecond Irregularity. 

. The Motion of the Moon being accele- 
rated during her Progreſs from the Quadratures 
to the Syzygies, and retarded from thence to 
the Quadratures, her Motion in the Syzygies 
is too quick, in the Quadratures too flow : 
add to this, her Tendency to the Earth is in 
the former Situation too ſmall, in the latter 
too large: Both which conſpire to render her 
Orbit more curved in the Quadratures than in 
the Syzygies, ſo that ſhe runs off farther from 


) See the Lunar Irregularities enumerated in Chap. VIII. 
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the Earth in the Quadratures, and comes nearer 


in the Syzygies than ſhe would otherwiſe do, 
deſcribing an Orbit, one of whole Axes, vs. 


that which paſſes through the Quadratures, is 


longer than that which paſſes through the 
"977 gies. Which is a third Irregularity. © 

. The Gravity of the Moon towards the 
Earth in the Syzygies being about twice as 
much diminiſhed by the Action of the Sun, as 
it is augmented in the Quadratures ; if we take 
a whole Revolution together, it may be con- 
ſidered as diminiſhed only. In the Perihelion 
therefore; at which Time the Earth and Moon 
are neareſt the Sun, it will be diminiſhed the 
moſt of all; that Diminution (as ſhewn above) 
being inverſly as the Cube of the Sun's Diſ- 
tance, and ſo the Gravity or Tendency of the 
Moon to the Earth will be the leaſt. On which 
Account ſhe will run out into a greater Orbit; 
and ſo her periodical Time will be greater, 
than when the Earth is in its Aphelion. Mich 
7s a fourth Irregularity. 


When the Moon is in the Quadratures, 


the Action of the Sun (as ſhewn above) in- 
creaſes the Tendency of the Moon to the Earth 


in Proportion to her Diſtance from thence, this 
Force ſuperadded to the Action of the Earth 


upon the Moon, which decreaſes as the Square 


of the Diſtance increaſes, occaſions that Force 
to decreaſe as you go from the Earth, /ower 
than it would otherwiſe do; or which is the 
ſame Thing to increaſe flower as you go the 

2 other 
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other way. But by Prop. 9. of the foregoing 
Chapter, when a retaining Power decrezfes or 
increaſes flower than the Square of the Diftance 
increaſes or decreaſes, and the Planet deſcribes 
an Ellipſe, the Linea Aphdum of that Planet 
will go backwards; the Linea Azfidum there- 
fore of the Lunar Orbit, when ſhe is in the 
Quadratures, goes backwards: When the Moon 
is in the Syzygies the Action of the Sun dimi- 
niſnes her Tendency towards the Earth, and 
thereby make it decreaſe as you go from, of 
increaſe as you go to the Earth, too faſt ; and 
ſo the Linea Appidum at that Time goes for- 
wards. But the Diminution in the Syzygies 
exceeds the Augmentation in the Quadratures, 
and fo the Linea Aßſidum goes farther forwards 
than backwards every Time, till at Length it 
revolves quite round according to the Order of 
the Signs. Which is a fifth Irregularity. | 
6. When the Gravity by which a Planet is 
retained in an Orbit that is excentrical, decreaſes 
or increaſes 100 fajt, the Planet when going off 
ſrom the Seat of the retaining Power, that is, 
towards its upper Apis, will go off too far; 
and when it is coming to its lower Afyrs, it 
will approach too near; and ſo the Excen- 
tricity of its Orbit will be increaſed, When 
its Gravity decreaſes or increaſes 2% /{oww, the 
Planet will not in the former Caſe go off far 
enough, nor come fo near to the Seat of the 
retaining Power in the latter, as it ought to do; 


in this Caſe therefore, the Excentricity of its 
Orbit 
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Orbit will be diminiſhed. But the Tendency 
of the Moon to the Earth when in the Syzy- 
gies, decreaſes or increaſes too faſt, the Excen- 
tricity of her Orbit is therefore at that time 
the greateſt ; and on the contrary it is the leaſt 
when ſhe is in the Quadratures. And if we 
compare ſeveral Revolutions of the Moon to- 
gether, we ſhall find, then when the Linea 
Apſidum is in the Quadratures, the Excentri- 
city of the Lunar Orbit will be the leaſt of all; 
becauſe in that Situation of the Linea Ap/idum, 
the Difference between the Tendency the Moon 
has to the Earth in one of the Apſes, and that 
which it has in the oppoſite one, is the leaſt of 
all: Whereas when the Linea Apfidum is in 
the Syzygies, that Difference will be the greateſt; 
and therefore the lunar Excentricity will be fo 
too. Which is a fixth Irregularity. 


7. We have hitherto been conſidering ſuch 
Irregularities in the Courſe of the Moon as 


would happen if its Orbit were coincident with 


the Plane of the Ecliptic: But as it is not ſo, 
there will ariſe others; in order to account for 


which, it will be proper to premiſe the follow- 


ing Conſiderations. 
Firſt, That when the Line of the Nodes is 
in the Syzygies, the Plane of the Moon's 
Orbit paſſes through the Center of the Sun as 
well as through that of the Earth, and ſo the 
Moon in that Situation of the Nodes, 1s not 
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drawn out of the Plane of her Orbit by 
the Sun. | | | 

Secondly, That when the Line of the Nodes 
is in any other Situation, and the Moon not 
in one of the Nodes, ſhe is continually drawn 
out of the Plane of her own Orbit, on that 
Side on which the Sun lies. For inſtance, if 
the Plane of her Orbit produced paſſes above 
the Sun, the Sun draws her downwards; if on 
the contrary, the Plane of her Orbit produced 
paſſes below the Sun, it draws her upwards. 

From theſe two Conſiderations it follows, 
that when the Line of the Nodes is not in the 
Syzygies, and the Moon having paſſed either 
of the Nodes, has got out of the Plane of the 
Ecliptic on either Side of it, the Action of the 
Sun occaſions the Moon to return back to the 
Plane of the Ecliptic ſooner than ſhe otherwiſe 
would do; but where the Moon enters that 
Plane, there is the next Node; ſo that each 
Node does as it were come towards the Moon, 
meeting her Part of the Way. And the 
nearer the Line of the Nodes is to the Qua- 
dratures, the greater is this Effect, becauſe in 
that Caſe the Sun is the fartheſt: of all from 
the Plane of the Lunar Orbit produced. So 
that the Line of 'the Nodes goes backwards 
the faſteſt of all, when it is in the Quadra- 
tures ; and not at all in the Syzygies. Mbich 
is the ſeventh Irregularity. 

8. Again, when the Nodes are in the Qua- 
iratures, and the Moon has lately paſſed * 
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of them, and is approaching that Syzygy that is 
next the Sun, the Action of the Sun upon the 
Moon prevents her aſcending fo far; that is, 
departing ſo far from the Ecliptic as ſhe other- 
wiſe would do; and ſo diminiſhes the Inclina- 
tion of her Orbit to the Ecliptic: And as ſhe 
goes on to the next Quadrature, by haſtening her 
Deſcent to the Ecliptic, it occaſions the Moon 
to croſs it in a larger Angle than ſhe would 
otherwiſe do; and ſo increaſes the Inclination 
of the Orbit as much as it diminiſhed it before, 
And, for the ſame Reaſon, while the Moon 
paſſes from that Quadrature to the oppoſite Sy- 
Zygy, the Action of the Sun decreaſes the In- 
clination of her Orbit, and increaſes it again 
in her Paſſage from thence to the next Quadra- 
ture. All which needs no farther Illuſtration, 
unleſs the following Inſtance may be of Uſe. 
If you toſs a Stone up into the Air, the Action 
of the Earth upon the Stone prevents it from 
riſing ſo high as it would otherwiſe d6; and if 
a Stone be thrown down obliquely, the ſame 
Action by bending its Courſe towards the Earth 
all the Way, makes it ſtrike the Earth in a 
larger Angle than it would otherwiſe do. 

When the Nodes are in the Syzygies, the 
Inclination of the lunar Orbit to the Plane of 
the Ecliptic is neither increaſed nor diminiſhed: 
The Sun being then in the Plane of the Moon's 
Orbit produced. 


But while the Nodes are paſſing from the 
Syzygles to the Quadratures, the * : 
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of the Moon's Orbit to the Plane of the Ecliptic, 
is diminiſhed in every Revolution of the Moon; 
and while they are paſſing from thence to the 
Syzygies, it is continually increaſing. So that 
the Inclination of the lunar Orbit is the greateſt 
of all when the Nodes are in the Syzygies, and 
leaſt when they are in the Quadratures. Which 
is an eighth Irregularity, But this requires a 
particular Explanation. 

Let then S in Fig. 46. repreſent the Sun, 
NFDG the Plane of the Ecliptic, QR the 
Quadratures, and MO the Syzygies. And let 
NLDI be the Orbit of the Moon ; and ſup- 
poſe the Nodes at N and D in the middle 
between the Syzygies and the Quadratures. 
Farther, let there be a Point H in the Ecliptic 
oppoſite to the Point S, and let the Orbit 
NLDI be fo inclined to the Plane of the 
Ecliptic, that if it were extended every Way, it 
would paſs above S and below H. Then be- 
cauſe when the Moon is nearer the Sun than 
the Earth is, ſhe is attracted towards the Sun 
more than the Earth is; and when ſhe is farther 
off, the Earth is attracted more than ſhe is, in 
which caſe ſhe is therefore as it were attracted 
the other way ; let us imagine a Sun at S, and 
another at H; and let it be remembered that 
the Orbit of the Moon produced, paſſes above 


S and below H: And let the Moon be aſcend- 


ing from N towards L. Then the Attraction 
here being towards 8, and the Orbit produced 
being above 8, it is obvious that the Moon will 
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not riſe ſo high as L, but will paſs to A, a 
Point between L and F, deſcribing the Curve 
NA, ſo that the Inclination of the lunar Orbit 
1s perpetually diminiſhed, while the Moon is 
paſſing over go Degrees from the Node N, it 
being a quarter of a Circle from N to A. To 
avoid Confuſion in the Figure, let us ſuppoſe 
that the Moon came to L. In going from 
thence to the next Quadrature at B, which is 
45 Degrees, the Attraction of 8 prevails ſtill, 
becauſe the Moon is as yet nearer to S than 
the Earth is; and therefore as the Orbit pro- 
duced 1s above S, and the Moon going down- 
wards, the Attraction of S haſtens her Deſcent, 
and ſo makes her deſcribe the Curve LC inſtead 
of LB, which if produced would make with 
the Plane of the Ecliptic, a larger Angle than 
her Orbit LB does at D; in going over this 45 


j 
4 


F 


Degrees therefore the Inclination of her Orbit 


is increaſed. Let us now ſuppoſe her going 


from B towards D; the Attraction here lies 1 
towards H, becauſe ſhe is now paſt the Qua- 


drature; and ſhe is tending to a Point below 
H; H therefore attracts her upwards, making 


her deſcribe the Curve BE, inſtead of BD, 


which is about 45 Degrees more, and makes a 
leſs Angle with the Plane of the Ecliptic, than *! 
BD does: Not that E falls beyond D, it only 
happens ſo in the Figure, becauſe we ſuppoſed * 
the Moon to move from L and B inſtead of A : 
and C. Upon the whole therefore, while ſhe * 
moves from N to D, the Inclination * co 

rbit 
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Orbit is diminiſhed during three Parts out of 
four of her Paſſage. In like manner it is di- 
miniſhed by the Attraction of H, while ſhe 
deſcends from D to I, and augmented by the 
ſame Attraction in going from thence to K, and 
diminiſhed again between K and N. Add to 
this, that while the Moon moves from N to L, 
or from D to I, the diſturbing Force, whether 
of S or H, is much more conſiderable than it 
is when ſhe is between L and D, or I and N; 
becauſe in the former Caſe, the Difference be- 
tween her Diſtance from the Sun, and that of 
the Earth from the ſame, is greater than it is in 
the latter. While the Nodes therefore are be- 
tween M and R, and O and Q; that is, while 
they are paſſing from the Syzygies to the Qua- 
dratures, the Inclination of the lunar Orbit is 
continually diminiſhing. 

For though we have ſuppoſed the Nodes 
equally diſtant from the Quadratures and Sy- 
zygies, the like Effects will happen, though 
different in Degree, when they are nearer to 
the one than to the other; as is eaſy to 
imagine. | | 

Let now the Nodes be in the mid Way, be- 
tween Rand O, and Q and M, ſee Fig. 47. and 
let the lunar Orbit produced paſs above S and 
below H as before, and let the Moon be aſcend- 
ing from the Node D towards B. She being 
there in the Power of H, and moving in a Plane 
which if produced paſſes below H, will be at- 
tracted upwards thereby, ſo as to deſcribe the 
Dd 3 Line 
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Line DC inſtead of DB; by which means the 
Inclination of her Orbit will be increaſed. In 
going from thence to I, ſhe is in the Power of 
S, which lies below her Orbit produced, and fo 
her Aſcent will be diminiſhed, and ſhe will 20 
to A, inſtead of I; whereby the Inclination of 
her Orbit will be leflened ; and afterwards as 
ſhe deſcends towards N ſhe will be attracted 
downwards all the Way coming to E inſtead of 
N; by which means the Inclination of her 
Orbit is again increaſed. So that upon the 
whole it is increaſed three Parts out of four of 
her Paflage from Node to Node; for the like 
will hold in her Paſſage through the other Part 
of her Orbit, and as well when the Nodes are 
not in the middle between the Quadratures and 
the Syzygies, as when they are, except in Point 
of Degree. And for the Reaſon mentioned in 
the other Caſe, the Force which augments the 
Inclination of the Orbit, is ſuperior for the 
Time being, to that which diminiſhes it. 
While the Nodes therefore are paſling from 
the Quadratures to the Syzygies, the Inclina- 
tion of the Moon's Orbit to the Plane of the 
Ecliptic is continually increaſing. Which is 
what remained to be made out. 

All theſe Irregularities are greater when the 
Earth is in its Perihelion, than when it is in its 
Aphelion, becauſe as was obſerved above, the 
Effect of the Sun's Action whereby they are 
produced, is inverſly as the Cube of its Diſ- 
tance from the Earth. They are alſo 5 
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when the Moon is in Conjunction with the 
Sun, than in Oppoſition for the ſame Reaſon; 
for the Earth and Moon taken together, are 
nearer the Sun in the former Situation of the 
Moon, than they are in the latter. 


II. Let us now imagine that the Circle NLDI 
is a ſolid Ring like that of Saturn, and that 
it moves round its Center T the ſame Way the 
Moon does round the Earth; it is obvious that 
every Point of this Ring, will endeavour to 
put on the ſame Motion that we have ſhewn 
the Moon to do: That is, that every Point in 
its Paſſage from N to L, will endeavour to 
move in the Line NA, (lee Fig. 46.) every 
Point between L and B, will endeavour to 
deſcribe the Curve LC, and every one between 
B and D, the Curve BE; and the like for Fig. 
47. So that the Ring as to the Motion of its 
Nodes, and its Inclination to the Plane in which 
its Center moves, will be affected in the fame 
manner that the Orbit of the Moon is; and 
therefore its Nodes, when in the Syzygies, will 
ſtand ſtill, and its Inclination to the Plane of the 
Ecliptic will be the greateſt : In all other Situa- 
tions the Nodes will go backwards, and faſteſt 
of all when in the Quadratures, at which Time 
the Inclination of the Ring will be the leaſt. 

Let us now ſuppoſe that there is a Redun- 
dancy of Matter ſurrounding the Earth in the 
equatoreal Parts thereof; or in other Words, 
that the Earth is an oblate Spheroid, having 
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its equatoreal Diameters longer than that which 
paſſes through the Poles, as we ſhall ſhew it to 
be in the next Chapter. This Redundancy of 
Matter, will, like a Ring ſurrounding the Earth 
and fixed to it, endeavour to put on the above- 
mentioned Motions, and thereby communicate 
them to the Earth itſelf. The equinoctial Points 


therefore which anſwer to the Nodes of the 


Ring, when they are in the Syzygies, that is, at 
the Equinoxes, will ſtand ſtill, and the Incli- 
nation of the Equator to the Plane of the 
Ecliptic will be the greateſt ; in all other Situa- 
tions they will go backwards, and faſteſt of all 
at the Summer and Winter Solſtices, at which 
Times they are as-it were in the Quadratures 
with the Sun; and then the Inclination of the 
above-mentioned Plane will be the leaſt, 


III. From hence it follows, that the Axis 
of the Earth, being perpendicular to the Plane 
of the Equator, changes therewith its Inclina- 
tion to the Plane of the Ecliptic twice in every 
Revolution of the Earth about the Sun. For 
inſtance, it increaſes while the Earth is moving 


from the Solſtitial to the Equinoctial, and di- 


miniſhes as much in its Paſſage from the Equi- 
noctial to the Solſtitial Points. Which Phæno- 
menon is called the Nutation of the Poles. 


IV. Another Phznomenon and of the ſame 
kind with the lunar Irregularities, is the ebbing 
and flowin g of the Sea; only, as thoſe 2 
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from the Action of the Sun upon the Moon, 
this is owing to the Influence both of the Sun 
and Moon upon the Waters of the Ocean ; 
and 1s to be accounted for upon the ſame 
Principles, after the following Manner. 

Let the Point L in Fig. 48. repreſent the 
Moon, MNOP, the Earth, whoſe Center is 
C. And let G be the common Center of 
Gravity of the Moon and the Earth. Which 
latter let us ſuppoſe ſurrounded with Water to 
a great Depth. Then, according to what was 
obſerved at the End of the laſt Chapter, theſe 
two Bodies continually revolve about the Point 
G, the Point M deſcribing the Circle AB; 
the Point C, the Circle NP; and the Point O, 
the Circle EF; and all in the fame periodical 
Time ; conſequently by Propoſition the third 
of the foregoing Chapter, the Forces they re- 
quire to retain them in thoſe Circles ought to 
be to each other as their Diſtances from the 
Point G: That is, as GM, GC and GO. 
Conſequently the Point O, which for Diſtinc- 
tion ſake we will call the Nadir, requires a 
greater Force than the Center C; and the 
Center, a greater Force than the Point M, 
which we will call the Zenith. Now theſe 
Points are retained in thoſe Circles by the 
Moon at L, conſequently the Nadir which 
requires the moſt, 1s attracted the leaſt, as 
being fartheſt off; and the Zenith which re- 
quires the leaſt, being the neareſt, is attracted 
the moſt ; that is, the Nadir is attracted too 


little, 
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little, and the Zenith too much: The obvious 
Conſequence of which is, that the Water both 


in the Zenith and Nadir, will endeavour to 


leave the Center C; or, in other Words, will 
loſe part of its Weight. But the Water at N 
and P will have its Weight augmented, juſt 
as the Tendency of the Moon at L (in Fig. 
42.) towards T was ſhewn to be augmented 
by the Action of the Sun at 8. So that the 
Water at N and P will be heavier than an 
equal Quantity at M or O. And conſequently 
the Surface of the Waters at N and P will 
ſubſide, and that at M and O will rife, till 
the Equilibrium be reſtored. On which Ac- 
count, the Form of the Earth, or rather the 
Sea, will become an oblong Spheroid or Oval, 
as repreſented by NKMH, in Fig. 49. whoſe 
longer Axis produced paſſes through the Moon 
at L. As therefore the Moon turns round the 
Earth once a Day, this Oval of Waters turns 
with her, occaſioning thereby the two Floods 
and Ebbs obſervable in each 25 Hours: or to 
ſpeak more accurately, the Oval of Waters 
keeps pace with the Moon in her Monthly 
Courſe, while the Earth in the mean Time, 
by its Rotation about its Axis, carries each 
part of its Surface from Ebb to Flood, and 
from Flood to Ebb continually. 

And as the Moon thus raiſes the Water in 
one Place, and depreſſes it in another, the 
Sun does the ſame; but in a much leſs De- 
gree, on Account of the ſmall Proportion the 
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Semidiameter of the Earth bears to the vaſt 
Diſtance of the Sun; for, as was ſhewn of 
the Moon, the Force of the Sun whereby it 
diſturbs her Motion, was proportionable to the 
Relation the Diſtance of the Moon from the 
Earth bears to that of the Sun from the 
ſame, which in the Caſe before us, is the 
Relation the Semidiameter of the Earth bears 
to the Diſtance of the Sun, which Relation 
is very ſmall. 

When the Moon is in Conjunction or Op- 
poſition with the Sun, the Tides which each 
of them endeavours to raiſe are in the ſame 
Place, which is the Reaſon they are ſo large 
at thoſe Times. Whereas when the Moon is 
in the firſt or laſt Quarter, the Sun being in 
the Meridian when the Moon is in the Hori- 
zon, depreſſes the Water where the Moon 
raiſes it, on which Account, the Tides are 
then (cœteris paribus) the leaſt of all. 

On the full and new Moons, which happen 
about the Equinoxes, at which Time the Lu- 
minaries are both in the Equator or near it, the 
Tides are the greateſt of all, on the three fol- 
lowing Accounts; in the firſt Place, the two 
Eminences of Water are at the greateſt Diſtance 
from the Poles, and ſo the Difference between 
Ebb and Flood is more ſenſible ; for if thoſe 
Eminences were at the Poles, it is obvious we 
ſhould not perceive any Tide at all : Secondly, 
the equatoreal Diameter of the Earth produced 
paſſes through the Moon, which Diameter is 

longer 
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longer than others, and ſo there is a greater 


Diſproportion between the Diſtances of the 
Zenith, Center and Nadir, from the Center of 
Gravity of the Earth and Moon, than at other 
Times: Thirdly, the Water riſing higher in 


the open Seas, it ruſhes to the Shores with 
oreater Force, where being ſtopped, it riſes 
higher ſtill; for it not only riſes at the Shores 
in Proportion to the Height it riſes to in the 
open Seas, but alſo according to the Velocity it 
flows with from thence againſt the Shore. The 
Reaſon why the Spring Tides, which happen a 
little before the vernal and after the autumnal 
Equinox, v72. in February and October are the 
oreateſt, is becauſe the Sun is nearer the Earth 
in the Winter than in the Summer, and ſo the 
Tides, which otherwiſe would be the greateſt 
at the Equinoxes, are fo, a little before the 
former, and as much after the latter. 


We have hitherto conſidered the Tides in 
general; we muſt now ſee what happens as to 
Places of different Latitudes. All which will 
be eaſily underſtood by the help of the 49th 
Figure: In which let AFD repreſent the Earth 
whoſe Center is T, the Poles P and O, this 


the South, the other the North Pole; EQ the Z 
Equator, and the Circles FH and KD two 
Parallels of it, the laſt on the North Side of it, 
and the firſt on the South Side of it. Let the 
Fluid ſurrounding the Earth, form itſelf into 
an oblong Spheroid, whoſe longer Axis HK 
produced, 


1 


Diesen 


2 
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produced, paſſes through the Moon at L. The 
right Lines TK or TH will repreſent the 
greateſt Height of the Water, reckoning from 
the Center, and ſuppoſing NM perpendicular 
to KH, TN or TM will denote the leaſt, and 
will repreſent the Height of the Water in all 
Parts of the Globe through which that Circle 
NM patſles. The right Lines TE, TF, TQ 
and TD, ſuppoſing them drawn, will ſhew the 
Height of the Water in the reſpective Places 
E, F, Q and D. Let us now conſider a Place, 4 
which by the diurnal Motion of the Earth, i 
IF deſcribes the Parallel KD: When this Place is i 

at K, the Height of the Water TK, is the it 

greateſt; that is, it is high Tide or Flood when | 
che Moon L is in the Meridian; but afterwards 
in the ſame Place, the Height of the Water is 
che leaſt, when the Place is come to X, and 
again it is Flood when the Place is come to D. 
But becauſe TK 1s greater than TD, in the 
preſent Caſe when the Moon is on the North 
Side the Equator, the Height of the Sea will | 
be greater, when the Moon is in that Part of 
the Meridian which is above the Horizon, 
than when it is in that which is below it. | 
Likewiſe TH is greater than TF, and there- i 
fore in a Place which lies under the Parallel | 
FH, or on the other Side the Line, the 
4 greateſt Height of Water that happens when 
J the Moon is on that Side, is alſo when ſhe is 
in that Part of the Meridian that is above the 
Horizon of that Place, Hence it is, that the " 
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Moon in the Northern Signs makes the greateſt 


Tides on our Side the Line, when ſhe is above ] 
the Earth; and in the Southern Signs when 
ſhe is below it. But on Account of that libra- 


tory Motion of the Waters, by which they 


thus riſe and fall alternately, and which would 
continue ſome Time, although the Sun and 
Moon ſhould ceaſe to act, the Difference be- 
tween thoſe Tides which happen when the 
Moon is above and below the Horizon, is not 


ſo great as it would otherwiſe be; and the 
higheſt Spring Tides are not exactly in the 
new and full Moons, but happen generally 
three or four Tides after them, and ſometimes 
later : Becauſe when the Luminaries come to 
act more forcibly than ordinarily, as being in 
Conjunction or Oppoſition, the Waters will 
librate backwards and forwards ſeveral Times. 

before they arrive at their greateſt Height. 
Things would be thus, if the Globe of the 
Earth were wholly covered with Water of a 
ſufficient Depth, but the Continents which 
ſtop the Tide; the Straights, and the Shoalneſs 
of the Sea in forne Places, which are Impedi- 
ments to the free Courſe of the Water, cauſe 
many Exceptions to what has been laid down; 
and in particular, that even in the open Ocean 
the Time of high Water is not, when the 
Moon comes to the Meridian, but always forme 
Hours after it. But to be particular in ſuch 
Circumſtances is not the Deſign of this 
Treatiſe. See more in Philoſoph. Tranfac#. 
No. 2206. 
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No. 226. However, there is one Thing, 
which becauſe I don't find it taken Notice of 
by others, I ſhall juſt mention; and that is, 
that at both the Summer and Winter Solſtices, 
there ought to be but one Tide in 24 Hours 
within the arctic and antarctic Circles; to 
ſhew this, let KD be the Tropic of Cancer, 
and let the Sun and Moon be perpendicular 
over a Point of that Tropic, as at L: Then as 
obſerved before, there will be an Ebb at N, 
but becauſe NPK 1s a quarter of a Circle, N 
will be a Point of the arctic Circle, and the 
high Water under that Circle will be at A, 
the Point oppoſite to N; fo there will be but 
one Flood and one Ebb in 24 Hours Time : 
And as is obvious enough, the ſame will 
happen in all Places within that Circle, except 
at the Pole itſelf, where there is no Tide at 
all. The ſame Things will alſo happen at the 


other Solſtice, when the Luminaries are in the 


Tropic of Capricorn. And in thoſe Parallels 


which lie between the above-mentioned Circles 


and the Equator, each Ebb will be nearer the 
Time of the lefler Flood, than it will be to 
that of the greater. Thus, in the Parallel KD, 
the Ebbs will be at X, and in the Parallel FH, 


at V, which Points are nearer to Fand D the 


leſter Heights of the Water, than to H and K 
the greater ones. The Reaſon it does not 
happen exactly in this Manner, at leaſt not in 
Point of Degree, is that Riſing and Falling or 


Libration of Waters mentioned above, by 


which 


| 
| 
| | 
0 
. 
1 
ly 


— — 


as —— — 
. 


274 Of the Figures Part IV. 


which the Ebbs and Floods of each Place are 


rendered leſs unequal than they ought, ac- 
cording to the Theory, to be. 


—_ ä» — — — OE — 


CHAT AS. 


Of the Figures of the Heavenly Bodies. 


HEREAS the Heavenly Bodies do 
| not conſiſt wholly of ſolid Matter, but 
are in all probability partly fluid and partly 
ſolid, like our Earth, or at leaſt were ſo at firſt; 
thoſe which have no Motion about their Axes, 
if ſuch there be, will, from the mutual Gra- 
vity and Attraction of their Parts among them- 
ſelves, ſettle into a ſpherical Form. But as to 
ſuch as revolve about their Axes, all their Parts 
will endeavour to receed from the Axis of their 
Motion, and thereby the equatoreal Parts where 
the Motion is the quickeſt, will tend leſs to- 
wards the Center than the reſt; their Endea- 
vour to fly off from the Axis about which they 
revolve, taking off part of their Tendency that 
Way; ſo that thoſe Parts will become lighter 
than ſuch are nearer the Poles. The polar 
Parts therefore will preſs in towards the Center, 
and raiſe the equatoreal Parts, till the Quantity 
of Matter in the latter is ſo far increaſed, as 
to compenſate for its Lightneſs, and an Equi- 
librium be reſtored, On which N the 
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Form they will aſſume, will be that of an oblate 
Spheroid, whoſe ſhorter Axis paſſes through the 
Poles. And other Circumſtances remaining the 
ſame, the faſter the Bodies revolve, the more 
oblate or flat will their Form be; accordingly 
the Axis of the Planet Jupiter, which Planet 
turns round its Axis in leſs than 10 Hours, is, 
as appears from the Obſervations of Mr. Flam- 


ſtead and Monſ. Caſſini, no greater with reſpe& 


to the Diameter of its Equator, than in the 
Proportion of ſeven to eight. 

By Virtue only of the Rotation of the Earth 
about its Axis, the Weight of Bodies at the 
Equator is leſs than at the Poles, in the Pro- 
portion of 288 to 289; that is, a Body which 
at the Poles would weigh 289 Pounds, would, 
if carried to the Equator, loſe by Virtue of the 
centrifugal Force alone, one Pound of its Weight, 
and ſo weigh but 288 Pounds. From hence 
ariſes, as obſerved above, a ſpheroidical Form 
of the Earth, and from that ſpheroidical Form 
ariſes another Diminution of Gravity at the 
Equator, by which, if the Earth were homo- 
genious throughout, Bodies at the Equator 
would loſe one Pound in 1121, and ſo on both 
Accounts taken together, the Gravity of Bodies 


at the Poles would be to the ſame at the Equa- 


tor as 230 to 229 (2). From whence, if we 


ſuppoſe 


2) To calculate this, let us ſuppoſe the Semidiameter of the 
Earth to be 19695539 Paris Feet ; which on account of the 
vaſt Diſtance on the Surface of the Earth Caſini took in mea- 


E e ſuring 
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ſuring it, Sir Jaac Newton makes uſe of. Since then the Earth 
turns round its Axis in 23 Hours, 56 Minutes and 4. Seconds, a 
Body at the Equator moves through 1436, 223 Feet in a Second: 
But the centritugal Force of a Body revolving in a Circle is equal 
to the centripetal Force, which would be requiſite to retain it in 
that Circle, and the Space a Body would fall through in a 
Second, by Virtue of that centripetal Force, is by Chap. XVIII. 
Lemma 1, equal to the Square of the Arch deſcribed in a Second, 
divided by the Diameter of the Circle, that is, in the preſent 
Caſe to ,0523 Feet, or 7, 54064 Lines. Now the Space a Body 
falls through at Paris, by Virtue of the Gravity there, is 15 Feet, 
1 Inch and 2 2 Lines, or 2174,055 Lines. Therefore the cen- 
trifugal Force at the Equator is to the Gravity at Paris as 
7, 54064 to 2174,05 5. But Bodies do not fall at Paris, by the 
whole Force of Gravity, or as they would do at the Poles of the 
Earth, becauſe they are in ſome Meaſure prevented by the cen- 
trifugal Force there. We muſt therefore compute how much 
that centrifugal Force is, and add it to their Gravity at Paris, to 
find what it 15 at the Poles. Which may thus be performed. 


Let EPO in Fig. 50. repreſent the Earth, PP its Poles, EQ 


its equatoreal Diameter. Let A repreſent any Point between the 
Equator and the Poles, and parallel to the equatoreal Diameter 
EQ draw the Line AH, then centripetal and centrifugal Forces 
being equal as obſerved above in Chap. XVIII. and EC and 
AH being Radii of the Circles which the Points E and A de- 
ſcribe, while the Earth revolves about its Axis PP, the centri- 
fugal Force at E will by Prop. 3. of that Chapter be to that at 
A, as the Radius EC, or which 1s very nearly the ſame, as AC, 
to AH. Put a Body at A is not thrown off by Virtue of this 
centrifugal Force directly from the Center of the Earth, but 
from H along the Line HA produced. Let then AB repreſent 
that Force, which becauſe it does not tend directly from the 
Center, let it be reſolved into two others, wiz... BN and AN; 
the former perpendicular to the Radius, the latter coincident 
therewith : It is by this latter Force only that the Gravity of a 
Body at A is dimimſhed. But the centrifugal Force at the 
Equator was ſhewn to be to that other Force along the Line 
AB, as AC to AH, and that other is to the Force along AN as 


AB to AN, which becauſe of the ſimilar Triangles ABN and & 


ACH 1s alſo as AC to AH, therefore the centripetal Force at 
the Equator is to that at A, ſo far as it diminiſhes the Gravity of 
Bodies there, as AC4 to AHA; that is, becauſe AH is the Co- 
fine of Latitude of the Place A, as the Square of the Radius to 
the Square of the Co-ſine of the Latitude of the Place where 
the Body 1s, Now the Latitude of Paris is 48. Degrees and 50 

Minutes, 
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ſuppoſe the Gravity of Bodies within the Earth 
to be directly as their Diſtance from the Center, 
as it was ſhewn to be in Part I. Chap. 3. 88. 
thoſe Numbers will alſo expreſs the Relation 


between its polar and equatoreal Diameter (o). 
This 


Minutes, the centrifugal Force therefore at the Equstor is to that 
at Paris, as the Square of the Radius to the Square of the Co- 
jine of that Latitude, that is, as 7,540 64 Lines to 3,267. Add 
this to 2174,055 the Gravity by which Bodies deſcend at Paris, 
and we have 2177,322 for the Gravity they fall with at the 
Poles: Which Number is to 7,540 the centrifugal Force at the 
Equator, as 289 to 1. So that the Gravity at the Poles is to 
the Gravity at the Equator, ſo far as it is diminiſhed in this 
latter Place by the Rotation of the Earth about its Axis, in the 
Proportion of 289 to 288. But this is not all: For it may be 
gathered, from what Sir {aac Newten has demonſtrated in his 
Principia, Book I. Sect. 13. where he treats of the attractive 
Forces of Bodies not ſpherical (though by a tedious and intricate 
Calculation too long to be inſerted here) that ſuppoſing the Earth 
to be an oblate Spheroid, ſuch as we ſhall determine by and by, 
and homogeneous throughout, a Body at the Poles even when the 
Earth is at Reſt, would be heavier than the ſame at the Equator 
in the Proportion of about 1121 to 1120. The Weight of a 
Body therefore at the Poles, when the Earth revolves about its 
Axis, is to the Weight of the ſame at the Equator in a Propor- 
tion compounded of 289 to 288, and 1121 to 1120; that is, in 
the Proportion of 230 to 229. 
N. B. A Line is the 12th Part of an Inch. 

(o) To ſhew this, call an equatoreal Column extended from 
the Surface to the Center, ; and a polar Column, x; and call 
the Force of Gravity at the Equator, p: then from what was juſt 
obſerved in the foregoing Note, ſuppoſing the Earth to be at 


Reſt, the Force of Gravity at the Poles will be - 1 — becauſe 
a8 1120: 1121: : 5: 22 and becauſe the Gravity of a Co- 
1120 


lomn if it be equally heavy in all Parts, is equal to the Force 
of Gravity multiplied by the Contents of the Column, the 
Weight of an equatoreal Column of Matter, if as heavy in all 
Parts as at the Surface, would, ſuppoling the Earth to be at Reſt, 
be equal to p multiplied by -, that is, pr; and the Gravity of a 
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Part IV. 
This is upon a Suppoſition that the Earth was 
at firſt fluid, or a Chaos, having its ſolid and 
fluid Parts confuſedly mixed together ; but if 
we ſuppoſe it at firſt partly fluid and partly 
dry, as it now is, ſince we find that the Land 


I121px 


polar Column would for the ſame Reaſon be ; but where- 


1120 

as if we ſuppoſe the Force of Attraction inverſly as the Squares 
of the Diſtances, the Gravity of Bodies within the Earth will 
decreaſe as we go to the Center, Part I. Chap. 3. F 8. where 
it terminates in nothing, -the Weights of the above-mentioned 
Columas decreafing uniformly therewith, will be but half what 
pr 1121px 
— and 

2 1120 X* 2 
fugal Force at the Equator, ; then fince the centrifugal Force 
decreaſes alſo as we approach the Center, and there terminates 
in Nothing, the centrifugal Force of a whole Column of Matter 


will be Z. Take this away from ©, the Weight of that Co- 


we male them before, that is, . Call the centri- 


. 
lumn when the Earth is at Reſt, and the remainder e will 
be the Weight of the ſame when it moves. But to preſerve an 


5 : : 1121fx 
Equilibrium of Parts, this Weight muſt be equal to 8 


which was ſhewn to be the Weight of a Column at the Poles. 

Which gives us this Equation ad 3 Wy 112 1% 
2 2 1120X2 

1121 


1120 


Multiplying by 2, we have pr — 17 = 


Multiplying by 1120, we 
have 
Which gives us this Equation : *:: 1121p: 1120 — 11207. 
But as was determined in the 
fcr2going Note, þ is to # 
n 
therefore thoſe Numbers I n 


1120%r — II zor = IIZ I 


for p and u, in the laſt 

Step, we ſhall have 
That is, the equatoreal Semidiameter is to the polar one, as 
230: 229. Which was to be ſhewn, 
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is very nearly of the ſame Figure with the Sea, 
except raiſed a little to prevent its being over- 
flowed, the Earth muſt ſtill be of the ſame 
Form ; for otherwiſe the major Part of the 
Water would flow towards the Equator, and 
ſpread itſelf like an Inundation over all the 
Land in thoſe Parts. 

The ſpheroidical Figure of the Earth is 
greatly confirmed by Obſervations made with 
Pendulum Clocks, at difterent Diſtances from 
the Equator. Firſt of all Monſ. Richer in the 
Year 1672, when at the Iſland Cayenne, found 
that his Clock, which at Paris, kept true Time, 
now loſt 2 Minutes and 28 Seconds every Day. 
Dr. Halley going to the Iſland St. Helena in the 
Year 1677, was obliged to ſhorten the Pendu- 
lum of his Clock one eighth Part of an Inch. 
With many others, all which compared to- 
gether make it appear that a Pendulum at the 
Equator that ſwings Seconds, ought to be about 
one fixth Part of an Inch ſhorter than at Paris; 
from whence it appears that the Difference be- 


tween the Gravity at the Poles and at the 


Equator, is almoſt twice as great as what ariſes 
from the Rotation of the Earth about its Axis, 
and its ſpheroidical Form put together (9). 
And therefore the Difference between the equa- 
toreal and polar Diameter mult be ſo too. 


From 

() For the Length of a Pendulum, ſwinging Seconds is pro- 
portionable to the Space a Body would fall through in a Second ; 
as being equal to an eighth Part of that Space, Part I. Chap. 6. 
Prop. 10. And the Space a Body would fall through in a Se- 
cond, is proportionable to the Force by which it falls; conſe- 
quently 


8 1 - . - 2 
—— —— 
- — — — — 2 — — — 2 
* fe _—_ * — . A * 
Jo — 


280 Of the Figures Part IV. 


From hence it is probable, that the Parts of 
the Earth which lie near the Center, may be 
denſer than ſuch as lie nearer the Surface. For 
on this Suppoſition, and not otherwiſe, is it ac- 
countable, that the Gravity at the Equator 
diſcoverable by Pendulums, and that which 


ariſes from the above-mentioned Cauſes, ſhould 
be fo different (9). 


quently the Length of a Pendulum ſwinging Seconds under the 
Equator ought to be to the Length of one that ſhall ſwing Se- 
conds under the Pole, as the Gravities in thoſe Places are to 
each other: That is, as 229 to 230. The Length of a Pen- 
dulum therefore under the Equator, being 4389 Lines, (as being 
two Lines ſhorter than one at Paris, which is 3 Foot 83 Lines) 
the Length of one at the Poles ſhould be 440, 4 Lines; that is, 
it ought to be but 1,9 Line longer than the former. Whereas 
it is found by the Obſervations above-mentioned, that the Dif- 
ference between a Pendulum in the Latitude of Paris, and one 
under the Equator, is as much as that, or rather more; and 
conſequently the Difference between one at the Equator and one 
at the Poles would be almoſt twice as much; there being almoſt 
as much Difference between a Pendulum at the Poles and at 
Paris, as between one at Paris and the Equator: And conſe- 
quently the Diminution of Gravity is almoſt twice as much as 
that which ariſes from the Rotation of the Earth about its Axis, 
and its ſpheroidical Form put together. 

() If the Earth be more denſe at the Center than near the 
Surface, we may conſider that Redundancy of Matter near the 
Center over and above what there would be there, was the Earth 
of uniform Denſity, apart, and as a ſeparate Body from the reſt, 
then upon Account of the ſpheroidical Form of the Earth, a Body 
at the Poles 1s nearer to this redundant Matter than at the Equa- 
tor, therefore in removing a Body from the Poles to the Equator, 
its Gravity ſo far as it depends on the Attraction of this redun- 
dant Matter, that 1s, that Part of its Gravity which 1s owing to 
that Attraction, is diminiſhed : The whole Gravity of the Body 
3s leſs therefore at the Equator than at the Poles. As therefore 
the Pendulum diſcovers a greater Difterence of Gravity than 
ariſes from the Rotation of the Earth about its Axis, and the 
ſpheroidical Form of it conſidered as homogeneous, put together, 
it is very probable that the Earth is more denſe at the Center 
than at the Surface. 

80 
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So that upon the whole, Bodies are lighter 
at the Equator than at the Poles, on a three- 
told Account. Firſt, by the centrifugal Force 
there, in the Proportion of 289 to 288: Se- 
condly, on Account of the ſpheroidical Form 
of the Earth, or its Flatneſs at the Poles, in 
the Proportion of 1121 to 1120; and laſt] 
on Account of the greater Denſity of the 
Earth at the Center, but in a Proportion not 
yet ſufficiently determined, for want of know- 
ing the exact Length of a Pendulum that 
{wings Seconds at the Poles. 

The greater warmth of the Air near the 
Equator, increafes the Length of a Pendulum 
by Rarefaction, on which Account alone, it 
would be neceſſary to ſhorten it at the Equator ; 
but this, as may be gathered from the Obſer- 
vations of Pitcairn and De La Hire, cannot be 
between this Latitude and the Equator above 
one fortieth part of an Inch; for as De la Hire 
obſerved, there was but two third Parts of a 
Line Difference between an Iron Rod fix Feet 
long, expoſed to the Froſt and the Summer's 
Sun. Beſides, this is allowed for above, in 
ſaying that a Pendulum ought to be ſhortened 
but one ſixth Part of an Inch. 


It follows from hence, that the Tendency of 
heavy Bodies upon the Surface of the Earth, 
except at the Equator and the Poles, is not 
towards the Center of the Earth, but towards 
a Point between that and the Equator, Thus, 

let 
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let EPO in Fig. 50. repreſent the Earth, PP 
its Poles, EQ its equatoreal Diameter. The 
Tendency of a Body as A, upon the Surface 
of the Earth, between E and P, will not be 
towards C, but along the Line AD which 
croſſes the equatoreal Diameter in a Point 
nearer the Body than the Point C is (7). 


Another Conſequence of the ſperoidical 
Form of the Earth is, that as you go from the 
polar Parts to the Equatoreal, the Degrees upon 
the Surface of the Earth grow leſs and leſs; 


r) To determine the Point D, ſay as EC is to AH; that is, as 
the Radius is to the Co- ſine of the Angle of the Latitude of the 
Place A, ſo is the centrifugal Force at E, to a fourth Number, 
which will expreſs the centrifugal Force at A in the Direction 
AB. Produce therefore the Line HA to B, till AB be of ſuch 
Length, that it may bear the ſame Proportion to AC, that the 
Quantity laſt found has to Gravity upon the Surface of the Earth. 
Compleat the Parallelogram ABCD, and D will be the Point 
ſought, and the Tendency of an heavy Body will be along the 
Line AD. Thus ſuppole it required to find the Direction in 
which heavy Bodies tend towards the Earth in at the Latitude of 
51 Degrees and 46 Minutes. Since the centrifugal Force at the 
Equator, as ſhewn above, bears that Proportion to the Force of 
Gravity, which i does to 289, let us take thoſe Numbers (or 
which will do as well, any other two that are proportionable to 
them) the former to expreſs the centrifugal Force of a Body at 
the Equator, and the latter the Force of Gravity. Then ſay, as 
the Radius is to the Co- ſine of 51 Degrees 46 Minutes, fo is 1 to 
a fourth Number, which will he found ,618. This Quantity 1s 
therefore to Gravity as 618 to 289. Therefore AB or its equal 
CD is to AC in that Proportion. But the Proportion between 
CD and AC being known, and the Angle at C the Latitude of 
the Place, wiz. 51 Degrees 46 Minutes being given, the Angle 
CAD will be found about 5 Minutes, which is the Meaſure of 
the Deviation of the Line of Direction of heavy Bodies in that 
Latitude, from a Line drawn to the Center of the Earth. 


that 
2 
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1 that is, a Degree meaſured upon the Meridian 
near the Poles, contains more Miles than the 
fame meaſured near the Equator. The Reaſon 
of this is, that, as appears by Inſpection of the 
Figure, an Arch near the Poles comes nearer 
to a ſtraight Line; that is, it is leſs curved than 
one near the Equator; the former is therefore 
an Arch of a larger Circle than the latter ; but 
the larger the Circle, the larger are the De- 
grees meaſured upon its Circumference. For 
in going from P towards E, we are not to 
imagine ourſelves upon the Circumference of 
a Circle whoſe Center is C, but to paſs conti- 
nually from one Arch to another, which Arches 
are Portions of different Circles, the Centers of 
which approach, as the Arches themſelves be- 
come more curved. 
As the Waters of the Earth by Virtue of 
I the Attraction of the Moon, and the Revolu- 
tion of the Earth about the common Center of 
Gravity of that and the Moon, were ſhewn 
in Chapter the laſt, to put on the Form of an 
JF oblong Spheroid, whoſe Axis produced paſſes 
F through the Moon; fo in like manner, if we 
conſider the Moon as we have now done the 
Earth, we ſhall find, that as ſhe turns round 
her Axis in the ſame Time ſhe turns round the 
Earth, and therefore has nearly the ſame Side 
always towards the Earth, her Figure is that 
Jof an oblong Spheroid, whoſe longer Axis 
points to the Earth; thoſe Parts which lie next 
; Ft the 
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the Earth being attracted too much, And alſo 
having too ſmall a centrifugal Force ; and thoſe 
on the contrary which lie on the oppoſite Side 
of her being attracted too little, and having a 
centrifugal Force too great ; which, for the 
Reaſons given in the above-mentioned Chapter, 
will neceſſarily give her that Form. 

Her Revolution about her Axis would, as in 
the Earth, give her a contrary Figure, but it is 
ſo very ſlow, that it is without any ſenſible 


Effect. 
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To the 


A. 
ACN o, Riſing and 
Setting of the Stars. 
Part IV. page 145. 

AcT10N, its Equality to Re- 
action ſhewn. P. 1. p. 22. 

AIR, defined; its Preſſure ; 
its Elaſticity ; capable of be- 

I ing contracted by Preſſure ; 

4 its Elaſticity augmented by 
Heat; its Neceſſity for the 
Preſervation of Life. P. II. 
p. 33—41. 

ER 5 P. IV. p. 200. 
The ſeveral Sorts of them. 
P. IV. p. 201. 

Er NA, the Cauſe of its vo- 
miting up Flames. P. II. 
p. 144. in the Notes. 

ALTITUDE of a Star, what. 
P. IV. p. 139. 

Au HIScII, what, P. IV. 
p. 136. 

AMPLITUDE of aStar, what; 
riſing and ſetting Amplitude, 
what. P. IV. p. 140. 

ANNUAL Parallax of the 
Earth, what. P. IV. p. 52. 

Ax NS MAN us, what. P. 
IV. p. 57. 

ANoMALVY, what. P. IV. 
P. 49. | 
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AnTARCTIcC Pole, what; 
Circles, what. P.IV.p.135. 

ANTICEDENTIA, what. P. 
IV. p. 56. 

ANnTiPopes, what. P. IV. 
p. 137. | 

ANTOEC1, what. P. IV. 
p. 137. | 

APHELION, what. P. IV. 
p. 48. 

APoGtoN, what. P. IV. 
p. 48. 

ApPARENT DISTANCE, Dr. 
BARROw's Difficulty about 
it ſolved. P. III. p. 81. 

APPARENT MOTION, the 
apparent annual Motion of 
the Sun accounted for. P, 
IV. p. 35. Another Way 
of accounting for the ſame, 

P. IV. p. 44. in the Notes. 

Of Mercury and Venus ac- 
counted for. P. IV. p. 58. 

—Of Mars, Fupiter and Sa- 
turn accounted for. P. IV. 
p. 66. 

—Of Jupiter and Saturn's 
Satellites accounted for. P. 
IV. p. 93. 

APPARI1 ION, Circles of per- 
pe: ual Apparition, what. P. 

IV. p. 144. 

O 
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IND X. 


APPEARANCE of Bodies ſeen] ATTRACTION, diſtinguiſh'd F 


through Media of different 
Forws, P. III. p. 72—85. 
— Of Bodies ſeen by Light 
reflected from plain and 
ſpherical Surfaces. P. III. 
p. 118—133, 
ARrcTic Poles, what; Cir- 
cles, what. P. IV. p. 135. 
Artas, deſcribed by revolv- 
ing Bodies proportionable to 
the Times. P. I. p. 46. 
AsC11, what. P. IV. p. 136. 
ASCENSION, Circles of it, 
what. P. IV. p. 133. 
Right Aſcenſion, what. P. 
IV. p. 132. 
Oblique Aſcenſion, what. 
F. IV. 93 
ASCENSIONAL Difference, 
what. P. IV. p. 143. 
ASCENT of Fluids in Capilla- 
ry Tubes. P. II. p. 57—72. 
—Of Vapours, not ſufficient- 
ly accounted for. Various 
Opinions concerning them 
examined and confuted. P. 
81 *. £29. 


into Coheſion and Gravi. 
tation; each Kind proved 
from Facts; its Laws and!“ 


Manner of Action. P. I. 


p. 12—18, 


Arguments to ſhew, that 


the Planets are retained in“ 


their Orbits thereby. P. IV. 


P. 247+ 
Demonſtrated not to be a 


mechanical Cauſe. Preface 5 


Note b. 23 
AURORA BOREATLIS, a ful 
Account of that remarkablq; 
one, which was ſeen March 
6, 1715 ; the general Phæ- 

nomena of it; a Solution 
of each Phænomenon of it; 
C:te's, Halley's, Mairan'sÞ 
Mater's Solutions of it. No8 
tice taken of it by Pliny 
Seneca and Ariſtotle. P. II 
p. 147 —I69. 2 
AURUM FULMINANS, it, 
Compoſition and Effects 
P. II. p. 145. in the Notes. 
TRE Av1HoR, bis Baromess 


ATMOSPHERE, what. P. II.] ter, in which the Scale off 
P- 33 | Variation is infinite. P. I 
Its Height, P. II. p. 39. p. 105. Another of tl 
That its Height may be de-] Author's, in which tnÞj 


termined by the Duration 
of the Twilight, an erro- 
neous Opinion. P. IV. p. 
121. in the Notes. 
Without it all Parts of the 
Heavens, even in Spite of 
Sunſhine, would be quite 
dark. P. IV. p. 120. 

The heavenly Bodies appear 
elevated by the Refraction 
of it. P. III. p. 75. and 


F.. 


Scale is alſo infinite. P. I 
p. 110. | 
Axis of the Earth, wha 
P. IV. p. 130. 8 
The Inclination of the Ax 
of the Sun, and of ſome « 
the Planets to the Plane Q 
the Ecliptic. P. IV. p. 10 
in the Notes. 
Situation of the Moo! 
Axis, P. IV. p. 19. 
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—Of the Earth, not always 
parallel to itſelf, P. IV. 


1e what. P. IV. 
. 138, | 
—Of a Star, what, P. IV. 
p. 140. 

BA. OMETER, its 1 
tion. P. IV. p. 34. 
Linus, his Hypothchis about 

it, P. II. p. 86. 

Hugens, his Experiment 
with a Tube 75 Inches 
long. P. II. p. 87. 

Its Uſe in determining the 
Height of Mountains. P. 
II. p. 88. 

Its Uſe in foretelling the 
Alteration of the Weather. 
F. II. p. 88. 

The Reaſon of its being 
3 in 3 Weather. P. 
Leibnite" s Hypotheſis con- 


fured, P. II. p. 95. 
Patrics Obſervations on 


the Riting and Falling of it. 


commended, P. II. p. 96. 
Des Cartes, his Barometer, 
P. II. p. ioc. 

Horizontal or rectangular 
Barometer. P. II. p. 101. 
Diagonal Barometer. P. II. 
p. 101. 

Ros Wheel Barometer. 
r 

Hoc s Marine Barometer. 
.es 

The Author's Barometer, 
in which the Scale of Va- 
riation is infinite. P. II. 
p. 105. 

Another of the Author's, in 


| 


which the Scale of Varia- 
tion is alſo infinite, P. II. 
p. 110. 

Portable Barometer. P. II. 


p. 113. 


BLACKNEss, the Abſence of 


all Colour. P. III. p. 143. 
ä its eſſential Properties. 
| 
TheQualificationsi in Bodies 
neceſſary to diſpoſe them to 
reflect Rays of different Co- 
lours. P. III. p. 174. 
Sir Jſaac Newton's Conjec- 
ture about its conſtituent 
Particles. P. III. p. 153. 
Cauſes of its Opacity and 
Tranſparency. P. III. p. 


154. 
Lighter at the Equator of 
the Earth than at the Poles, 
on a threefold Account. P. 
IV. p. 281. 

Dr. BoxRHAAvEs, his No- 
tion of Fermentation. P. 
II. p. 175. 

BREEZ ERS from the Sea in 
warm Weather, accounted 
for. P. II. p. 128. 

. 

Gl Julius Cæ— 

ſar's Reformation of it, 
P. IV. p. 186. 
Pope 3 gory, his All eration 
of it. P. IV. p. 190. 

CAN cER, Tropic of it, what. 
F. IV. p. 138. 

CAPILLARY Tubes, what; 
their Phænomena fhewn to 
be owing to the Attraction 
of Cohetion ; the Abſurdity 
of a Fluid being made to 
circulate by Virtue of a 


Oo2 Capillary 


T 


Capillary Tube. P. II. p. 


, ee 

CarRICoRN, Tropic of it, 
what. P. IV. p. 135. 

CARDINAI Points, what. P. 
IV. p. 139. 

Ds CarTEs, his Opinion 
of the Horizontal Moon. 
P. III. p. 87. 

CARTESIAN Notion of Va- 
pours confuted. P. II. p. 
130. 

Notion of Light confuted. 
E132, Þ. $. 

CENTER o Gravity, what. 
P. I. p. 59. 

—Of Magnitude, what. P. I. 


I. 


P. 59. 

—Ot Oſcillation, what. P. I. 
p. 33- How determined. 
Appendix to Part J. 

— Of Percuſſion, what, and 
how determined. Appendix 
to Part J. 

CENTRIPETAL and Centri- 
fuzal Forces, their Nature 
explained. P. I. p. 43. 
The Effects of them largely 
ſet forth and demonſtrated. 
P. IV. p. 203: to the end. 

CIRCLE, great; leſs; paral- 
lel; the Poles of it; Axis 
of it; Secondary of it; 
fixed; moveable; of Aſ- 
cenſion and Declination; 
Hour Circle; tropic and 
polar Circles; arctic and 
antarctic; vertical; of per- 
petual Apparition, and per- 
petual Occultation, P. IV. 
p. 125— 146. 

The exact Adjuſtment be- 


8 
— Ot Motion, what. 


tween a projectile and cen. 


. tral Force, neceſſary that a 
revolving Body ſhould be 


retained therein. P. IV, p. 
210. 
CLIMATEsS, what. 
P. 144. 
CoHEes1oN, Attraction of it. 
what. F. L. . 


P. IV. 


The Proof and Laws of it. 


F. I. P. 13. 
Not a mechanical Cauſe. 
Preface, Note b. 


Corours, the Cauſe of the 
Variety of them. P. III. 


p. 141. 


TheQualifications in Bodies 
which diſpoſe them to re- 
flet Rays of different Co- 
p. 147—153- 
ComErTs, — Nause and 
Motion; the Opinion of 
concerning 
them ; their apparent Mo- 
tions accounted for; the, 
Form of their Tails ; Sir 
Iſaac Newton's Opinion 


lours. P. III. 


the Ancients 


concerning their Tails; 


ConjeQure of the 3 $ [ | 
concerning them; the Me- 


thod of inveſtigating their? 
P. IV. 


apparent Courſes, 
p. 98—112, 


The Form and Poſition of 

P. IV. p. 22. 

CommunicaTion of Mo-? 
tion in Bodies, not elaſtic. 


p. I. 


their Orbits. 


P. I. p. 30. 
In dane elaſtic. 


p. 53: 


Coup Ass, the Points of it, 


what. P. IV. p. 139. 


CoNnJUNCTION inferior ane ; 
ſuperior, 7? 
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I Cosmicar Riſing and Setting 


CULMINATION of a Star, 


DBA and Nights, their 


Of the Week. whence their 


DECLINATION, 


4 


1 


ſuperior, what. P. IV. 


p. 58. 
ConSEQUENTIA, Motion in 
it, what. P. IV. p. 56. 
ConNSTELLATIONS, what. 
F. IV. p. 27. 
Have forſaken their ſormer 
Places. P. IV. p. 56. | 
CoPpERNICAN Syſtem de- 
ſcribed. P. IV. p. 12. De- 
fended. P. IV. p. 22. in 
the Notes. 

CoPERNICUsS, his Prophecy 
concerning the Phaſes of 
Venus, P. IV. p. 65. in the 
Notes. 


of the Stars. P. IV. p. 145. 

Cor Es, his Solution of the 
Aurora Borealis. P. II. p. 
158. 

CRepPpUsCULUM, or Twi— 
light, accounted for. P. 
IV, p. 13t- 
That the Height of the 
Atmoſphere may be deter- 
mined by it, an erroneous 
Notion. P. IV. p. 121. in 
the Notes. 

CHRONOLOGY, the Elements 
of it. P. IV. p. 178 —202. 


what. P. IV. p. 139. 
CyCLEs, the ſeveral Sorts of 


them. P. IV. p. 193. 
D 


Variety in Point of 
Length accounted for. P. 
IV. p. 37 


Names. P. IV. p. 184. 
what. P. 


DEG RER, the Ninetieth, 
what. P. IV. p. 140. 

At the Poles larger than at 
the Equator. P. IV. p. 282. 

DEPRESSION of a Star, what. 
P. IV. p. 139. 

Des CART ES, his Barome- 
ter. P. II. p. 100. 

Dr. DesaGuLiERs, his Opi- 
nion concerning the For- 
mation and Aſcent of Va- 
pour, examined. P. II. p. 133. 

DescenmT of Bodies on ob- 
lique Planes. P. I. p. 28. 

Dew, the Colours of the 

Rainbow ſeen in it. P. III. 
p. 208. 

DiaconaAL Barometer, de- 
ſcribed. P. II. p. 101. 

DIAMETERS of the Sun and 
primary Planets. P. IV. 
p. 14. 

D1iFFERENCE, aſcentional, 
what. P. IV. p. 143. 
DisrancE of an Object, 
how judged of by the Eye. 

P. III. p. 70. 

—Of the Sun and primary 

Planets. P. IV. p. 14. 

—()f the Moon from the 

Earth, P. IV. p. 19. 

— Of the Satellites of Jupiter 

and Saturn from their Cen- 

ters. P. IV. p. 19. 

DIvis1BILITY of Matter, 

the Meaning of its Infinity 

explained; its Infinity de- 
monſtrated ; how far Mat- 
ter is actually diviſible, con- 

ſidered. P. I. p. 7—9. 

Diug NAT Motion of the 

heavenly Bodies, accounted 

r. FeLY, D. 24 


IV. p. 132, 
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DocTRing of the Sphere, 
treated of. P. IV. p. 125— 
146. 

Doutuic t or Sunday Let- 
ter, on what its Altera- 


tion is founded, P, IV. 
194. 
Da N Head and Tail, 
what. P. IV. p. 76. 
ART AH, its Axis, what; 
its Poles, what. P. IV. 
p. 130. 
The Poſſibility of its being 
inhabited quite round. P. 
IV. p. 9. 
Its Diameter; Diſtance from 
the Sun; its periodical Time 
and Rotation about its Axis. 
P. IV. p. 14. in the Notes. 
Its annual Parallax, what. 
P. IV. p. 56. 
Its Axis not always parallel 
to itſelf, P. IV. p. 53. 
Tbe Method of meaſuring 
its Circumference, P. IV. 
P. 140. in the Notes. 
Its Form that of an oblate 
Spheroid. P. IV. p. 274. 
Its ſpheroidical Figure con- 
firmed by Pendulums. P. 
IV. p. 279. 
That it is more denſe at the 
Center than at the Surface, 
probable. P. IV. p. 280. 
Bodies lighter at the Equa- 
tor of it than at the Pole on 
a threefold Account. P. IV. 
p. 281. | 
EASTER, the Rule for finding 
it explained. P. IV. p. 197. 
EBBING and Flowing of the 
Sea, accounted for, P. IV, 
p. 266. 
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Echo, the Nature of it ex- 
plained. P. II. p. 52, 
EcLiPpsEs of the Sun and 
Moon, with their ſeveral 
Circumſtances, accounted 
for, P. IV. p. 86—93. 

Of Jupiter and Saturn's Sa- 
tellites. P. IV. p. 93. 

EcLiPTic, what. P. IV. 
p. 36 and 127; its Axis, 
what; its Poles, what; its 
Secondaries, what; Signs 
of it, what. P. IV. p. 127 
and 128. 


F. H. F. 30. 
ties of it. P. I. p. 18. 
what. P. IV. p. 140. 


p. 17. in the Notes, 
ELOXGATION, what. P. IV. 
p. 65. N 
Eroch, what. 
200. 


P. IV. p. 49. 


what. P.3Vc D. 5 
— Points, their Proceſhon ac 


counted for. P. IV. p. 2654 


ESSENTIAL Properties OW 
Body. P. I. p. 7. 1 
ExXCENTRICIT V, what. PS 
IV. p. 17. in the Notes. BB 
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ELASTICITVY of the Air, © 
ELECTRICITY, the Proper- 
ELEVATION of the Pole, 


ELLiPs1s, deſcribed, P. IV. 


p. IV. p. 
EqQuaAT1oN of a Planet, what. I 


Pp. IV. 


EQUATOR, what, 
Pp. 130. 
EqQuiNOCTIAL, what, P. 
IV. . 13% . 
— Points, what. P. IV. p. 
52 and 132. ; 
—Points, their Proceihon, 


—Colure, what. P. IV. p. 40 
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IV. p. 19. in the Notes. 
How great in the Orbit of 
each primary Planet, P, IV. 
p. 18. in the Notes. 


FJ ExTENSION, a Property of 


Body. P. I. p. 7. 


43 EVE, the Deſcription of it. 


P. III. p. 53—5 5. 

Why blind with Reſpect to 
Objects placed befcre it in 
a certain Point. P. III. 
p. 69. 


A F ALLING Bodies, their 


Phenomena accounted for. 

P. I. p. 24. 
FERMENTATION, from 
whence it ariſes ; the Opi- 
nions of Friend, Keill and 


Boerhaave about it; the| 


Manner in which it is to 
be accounted for, P. II. p. 
I70—173. 

FiGURES of the heavenly Bo- 
dies. P. IV. Þ. 274: 

Fits of eaſy Reflection and 
Tranſmiſſion, not the Cauſe 
of the Reflection of Light. 
P. III. p. 163. 

FLAMES, why vomited up by 


burning Mountains. P. II. 


p. 144. 

FLoRENTINE Experiment, 
P. I. p. 7. in the Notes. 

FLUIDITY, the Nature of it. 
1 

Frvips, how they act upon 
each other by their Preſſure; 
how upon Solids, P. II. 
p. 7— 32 
Their Reſiſtance. P. II. 
p. 41. 


4 . 
* —Of the Moon's Orbit. P. 


The Abſurdity of their being 
made to circulate by means 
of a Capillary Tube, P. IV. 
p. 71. in the Notes. 

Fox c xs neceſſary to retain re- 
volving Bodies in circular 
and other Orbits. P. IV. 
p. 203. 

FounTAINS, their. Origin; 
Ariſtotle's, Des Cartes's, 
Varenius's, Marriot's, and 

 Halley's Opinion of them. 
P. II. p. 73—76. 
Their Reciprocation ac- 
counted for. P. II. p. 81. 
FaIOG ID Zone, what. P. IV. 


p. 136. 


GAsszvpos, his Opinion 
of the Horizontal Moon. 

P. III. p. BY» 

GROCENTRIC Latitude, 
what. P. IV. p. 62. 

GLoB Es, their Deſcription 

and Uſe. P. IV. p. 147. 

Problems on them. P. IV. 

p. 161178. 

GolpEN Number, what. P. 
IV. p. 197. 

GRAvITATION of Matter, 
its Laws and Manner of 
acting, the Senſe in which 
the Word is uſed in Philo- 
ſophy. P. I. p. 12—17. 
Demonſtrated not to be a 
mechanical Cauſe, Preface, 
Note b. 

Graviry, ſpecific, what. 
P. H. 

GREGORY (Pope) his Refor- 
mation of the Calendar. P. 
IV. P-. 190. 


O0 4 H. 


INDEX 


H. 
| GE the Cauſe of it, P. 
IT. p. 141. 

Dr. HALLE, his Hiſtory of 
the Winds. P. II. p. 116. 
in the Notes. 

His Solution of the Aurora 
Borealis. P.1I. p. 160. 
HAAR DNESS in Bodies, the 
Degrees of it accounted for. 

P. IL. 9. 14. 

HarvesT Moon, accounted 
for by the Globe. P, IV. 
p. 168. 

HEAT of the Sun, why not 
the greateſt when the Sun is 
moſt elevated, P. IV. p. 51. 

HEAVENLY Bodies, the phy- 
ſical Cauſe of their Motions. 
P. IV. p. 203—274. 
Their F igures. P. IV. p. 
274. 

HgAavens, the Poles of them, 
what. P. IV. p. 130. 

Heavy Bodies, their Ten- 
dency not towards the 
Center of the Earth, ex- 
cept at the Equator and the 
Poles. P. IV. p. 281. 

HELIACAL Riſing and Set- 
ting of the Stars. P. IV. 
p. 145. 


ELIOCENTRIC Latitude, | 


what. P. IV. p. 62. 

HEmMISPHEREs, northern 
and ſouthern, what. P. IV, 
p- 132. 

HERMETICALLY fealed, 
what. P. II. p. 100. in 
the Notes. 

Hr EROScII, what. P. IV. 
1 


Dr. Hook's marine Barome- 


ter deſcribed, P. II. p. 103. 


HoRIZZ oN, ſenſible and ratio. 
nal, what. P. IV. p. 138. 
HoR Iz ON TAL Barometer de- 
ſcribed. P. II. p. 101. A 
— Moon, Des Cartes's, Gaſ- II 
ſendus's, Hobb's, De Veil s, 
and Wallis's Opinion of 
it; the Author's Thoughts 
concerning it. P. III. p. 
86—95. 14 
Hou Circles, what. P. IVV. 
p- 134. | 
HuGEns, his Experiment of, 
filling a Tube 75 Inches I — 
long with Mercury. P. II. 
p. 87. * 
A remarkable, lucid Spot, — 
diſcovered in the Heaven 
by him. P. IV. p. 29. in 
the Notes. | 
HyDRoOSTATICAL Balance, 
its Uſe. P. II. p. 32. in 
the Notes. 4 
HyDRosSTATICs, the Intent 1 
of it, P. _ p. IV. | 


JM Apsis, what. P. VL. ! 
p. 49. 3 
IMAGE, why three or more ! 
appear, when a ſingle Ob- 
ject is viewed in a common 

Looking Glaſs. P. III. p. {| 

120. in the Notes. 5 
IxpAer, that Light is not 

reflected by it. P. III. p. 

158. | 


IS AcTIVIT , a Property of 


Matter. P.1. p. 7. 
INC1DENCE, that the Sine of 
the Angle of Incidence bears 

a conſtant Ratio to the Sine 

of the Angle of Refraction, 

P. III. p. 14. 


| The 


. 4 
* 


The Sine of the Angle of 
Incidence equal to the Sine 
of the Angle of Reflection. 
P. III. p. 99. 


© 7 INCLINATION of the Axis of 


the Sun, and of the Axes 
of ſome of the Planets to 


the Plane of the Ecliptic. 


P. IV. p. 16. in the Notes. 


1] —Of the Orbit of each pri- 


mary Planet to the Plane of 
the Ecliptic. P. IV. p. 18. 
in the Notes. 

Of the Moon's Orbit to the 
Plane of the Ecliptic. P. IV. 
p. Ig. in the Notes. 

—Of Saturn's Ring. P. IV. 
p. 21. 

—Of the Orbits of Fupiter's 
and Saturn's Satellites. P. 
IV. p. 21. in the Notes. 

—Of the Orbits of the Co- 
mets. P. IV. p. 22. 

INCLINED Plane, the Falling 
of Bodies down it conſider'd. 
P. . Þ-72. 

INF ERIOR Conjunction, 
what. P. IV. p. 58. 

IN FINIT V of the Diviſibility 
of Matter explained and de- 
monſtrated. P. I. p. 8. 

bir IsAAc NEWTON, his 
Conjecture about the Size 
of the conſtituent Particles 
of Bodies. P. III. p. 153. 

His Fits of eaſy Reflection 
and Tranſmiſſion, examin'd. 
P. 163. 

His Opinion concerning the 
Tails of the Comets, exa- 
mined, P. IV. p. 102. 

JuriAN Period, what. P. 
IV. p. 199. 


Jorrus Cx$AR, his Refor- [ 


S 


mat ion of the Calendar. P- 
IV. p. 186. 

Jour ir Ex, its Diameter, Di- 

ſtance from the Sun, Perio- 
dical Time and Rotation 
about its Axis. P. IV. p. 
14. in the Notes. 
The Situation of its Axis. 
P. IV. p. 16. in the Notes. 
The Excentricity and In- 
clination of its Orbit. P. 
IV. p. 18. in the Notes. 
The periodical Times and 
Diſtances of its Moons. P. 
IV. p. 19. in the Notes. 
Its apparent Motion ac- 
counted for. P. IV. p. 66. 
The Method of computing 
its Diſtance from the Sun. 
P. IV. p. 70. in the Notes. 
The apparent Motion, 
Eclipſes and Occultations 
of its Satellites. P. IV. p. 
2206. Fr 
The Method of determining 
by the Eclipſes of its Satel- 
lites, the Parallax of the 
Earth's Orbit, the ſucceſſive 
Propagation of Light, and 
the Longitude of Places, P. 

IV. p. 96. in the Notes. 

K 


Kiri, his N 


mentation, conſidered. 
P, H. 8 170. 

His Determination of the 
Height of the Earth's At- 
moſphere, from the Dura- 
tion of the T wilight, ſhewn 
to be erroneous. P. IV. p. 
121. in the Notes. 

KEPLER, his Senſe of the 


Poetical Riſing and Setting 
of 


1 r 


of the Stars. P. IV. p. 145. 
in the Notes. 
L. 

LX ITUDE, heliocentric 

| and geocentric, what, 
P. IV. p. 62. 

— Of a Place on _ Earth, 
what. P. IV. p. 133. 

3 a Star, what. F. N. 

127. 
Paralliis of Latitude, what. 
P. IV. p. 128. 

Laws of Motion. P. I. p. 20. 

LeiBniTs, his Hypotheſis 
concerning the Caule of the 
Deſcent of the Mercury in 
the Barometer, confuted. 
P. II. p. 95; 

Lzxsks, the ſeveral Sorts of 

them; the Manner in which 
Rays are affected in paſſing 
through them. P. III. p. 
44— 52. 
Why the convex ones are 
uſed by old People, and the 
concave ones by Young. P. 
III. p. 84. 

LEveR, its Properties. P. I. 
p. 20. 

Lichr, the Emiſſion of it 
from luminous Bodies not 
ſufficiently accounted for; 
the Idea of it, how excited; 
how propagated, P. III. 
P- 4. a 
Its Velocity, how com- 
puted. P. III. p. 6. but 
more determinately. P. IV. 
p. 96. in the Notes, 

The ſurprizing Fineneſs of 
its Particles. P. III. p. 6. 

Decreaſes as the Square of 
the Diſtance from the 1u- 


minous Body, increaſes. P. 
III. p. 7. 

Des Cartes's Notion of it, 
confuted, P. III. p. 8. 
The Refraction of it, ac- 
counted for. P. III. p. . 
Tbe Law of its Refraction 
demonſtrated. P. III. p. 14. 
Its Refraction in paſſing 
through plain and ſpherical 
Surfaces, conſidered. P. III. 


p. 18—44. 


The Manner in which it is 


reflected. P. III. p. gy. 
TheLaw according to which 
it is reflected. P. III. p. q. 


Its Reflection from plain and 


ſpherical Surfaces, conſider- 
ed. P. III. p. 100117, 
Its different Refrangibili 
ſhewn. P. III. p 


The Rays of it P pole to 
excite Ideas of different Co- 


lours. 


P. III. p. 134. 


The Opinions of Philoſo- MW 
phers concerning the Cauſe 


of its Reflection, confuted. 
P. III. p. 158—167. 


The Cauſe of its Reflection 


not yet accounted for. P. 
III. p. 167. 


LiGcHTNING, the Cauſe of 


N. 7 WPrL 


Ling of the Nodes, what. 


FAY. ft. 


Linea Apfedum, what. P. 


IV. p. 48. 


LoADSTONE, its Properties 


P. I. p. 0. 


LoNGITUpE of a Place on 


the Earth, what. P. IV. 


18. 


The Method of determining N 
it 4 


5 
V 


piter's Satellities. P. IV. p. 
97. in the Notes. 


BY -Of a Star, what. P. IV. 


p. 127. 

Loo KING GILASs, why three 
or more Images appear, 
when a fingle Object is 
viewed in a Looking Glaſs. 
P. III. p. 120. in the Notes. 

LUNAR IRREGULARITIES 
accounted for, P. IV. p. 


249. 
M 


. MCA Lantern, deſcribed. 


P.. WY 


7 Marzxr, his Solution of the 


Aurora Borealis. P. II. p. 
159. 

Mair AN, his Solution of the 
ſame. P. II. p. 160. 

MARINE Barometer deſcrib'd. 
P. II. p. 103. 

Mars, its Diameter; Diſ- 
tance from the Sun; perio- 
dical Time and Rotation 
about its Axis. P. IV. p. 
14. in the Notes. 

The Inclination of its Axis 
to the Plane of the Ecliptic. 
P. IV. p. 16. in the Notes. 
The Excentricity of its 
Orbit. P. IV. p. 18. in the 
Notes. 85 

The Inclination of its Orbit 
to the Plane of the Ecliptic. 
P. IV. p. 18. in the Notes. 
Its apparent Motion ac- 
counted for. P. IV. p. 66. 
The Method of determining 
its Diſtance from the Sun. 
P. IV. p. 70. in the Notes. 

MATTER, its eſſential Pro- 
perties. P. I. p. 7. 


| 


F NN BD # A. 


it from the Eclipſes of Ju- 


Its infinite Diviſtbility de- 
monſtrated, and the Mean- 
ing of it explained. P, I, 


Its Attraction of Cohchon 
and Gravitation. P. I, 
p. 12. 
MEcnAanicar Powers treat- 
ed of. P. I. p. 58—75. 
MroliuuM, the Meaning of it 
in an optical Senie. P. III. 


MzzcuRy (in the Barome- 
ter) the Reaſon of its ſtand- 
ing low in windy Weather, 

„ P. K. p92, 

Leibnits's Hypotheſis con- 
cerning its Deſcent before 
Rain, confuted. P. II. p.95. 
Patric's Obſervations con- 
cerning the Riſing and Fall- 
ing of it. P. II. p. 96. 
Rules for knowing whether 
it be Riſing or Falling. P. 
II. p. 98. 

MEeRCuRy (the Planet) its 
Diameter, Diſtance from 
the Sun, and Periodical 
Time. P. IV. p. 14. in the 
Notes, 

The Excentricity of its 
Orbit. P. IV. p. 18. in the 
Notes. 

The Inclination of its Orbit 
to the Plane of the Ecliptic. 
P. IV. p. 18. in the Notes. 
Its apparent Motion ac- 
counted for. P. IV. p. 58. 
Its greateſt Elongation. P. 
IV. p. 65. 

MzRIDIAN, what. P. IV. 
p. 131. 

MxglpiAN Line, to find it 


partly 


1 N D 


partly by the Help of the 
Globe. P. IV. p. 177. 

MicRoscopEs, a modern In- 
vention. P. III. p. 169. 
Their Deſcription and Pro- 
portion of magnifying. P. 
III. p. 171. 

Mip-HEAVEN, what. P. IV. 
p. 140. 

m_ Way, what. P. IV. 
p. 28. 

MomenTum, the Meaning 
of it explained, P. I. p. 49. 

Monsoons, accounted for. 
P. II. p. 126. 

Mod r Es periodical and ſy no- 
dical, what. P. IV. p. 74. 


and p. 185. other Sorts of 


them. P. IV. p. 185. 
Moon, ſeveral Opinions con- 


cerning the horizontal 
Moon conſidered, P. III. 
p. 86—96. 


Sometimes occaſions the 
Appearance of a Rainbow. 
P. III. p. 209. 

Its periodical Time, and 
Rotation about its Axis; 
its Diſtance from the Earth, 
and Situation of its Axis; 
the Excentricity of its Or- 
bit, and the Inclination 
thereof to the Plane of the 
Ecliptic. P. IV. p. 19. 
Its different Phaſes or Ap- 
pearances accounted for. P. 
IV. p. 72. 

Its obſcure Hemiſphere en- 
lightened by the Earth. P. 
IV. p. 74. 

Its Librations accounted 
for. P. IV. p. 81. 


The Manner of meaſuring 
the Height of the Moun- 


tains therein. P. IV. p. 3. 
in the Notes. * 
Its Irregularities accounted 
for. P. IV. p. 249—264. 

MorT1oN, the Laws of it. P. 
I. p. 20. 

MounTAINS in the Moon, 
the Height of them, how 
meaſured. P. LV. p. 85. in 
the Notes. | 
Burning Mountains, their 
Cauſe. P. II. p. 144. in 
the Notes. 

Music, the Effects of it on 
Perſons, bit with the Ta- 
rantula. P. II. p. 55. in the 
Notes. | 

Musical Tones, wherein 
their Difference conſiſts. 
P. II. p. 53. 


N. 
N4Þun, what. P. IV. p. 
138. F 
NIEUWENTYT, his Notion 
of the Formation and Riſe 
of Vapours examined, P. 
II. p. 132. 
NIN ETIETH Degree, what, 
P. IV. p. 140. 


Nopks, the Line of them, 


what. P. IV. p. 62. 
Aſcending and deſcending 


Nodes, what. P. IV. p. 
76. 
NuckrHEMERON, what. P. 
IV. p. 182. 
NuuzkR of the Stars. P. 
IV. p. 29. 


Nur Arlod of the Poles, 
what. P. IV. p. 52. 
—Accounted for. P. IV. p- 
266. 
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4 O® JECT, why it appears 


erect, when its Image 
in _ Eye is inverted, P. 
III. 
Why ie appears ſingle tho? 
viewed with both Eyes, ſe- 
veral Opinions about this. 
P. III. p. 66. 
The Diſtance of an Object 
how judged of by the Eye. 
P. III. p. 70. 
The Appearance of Ob- 
jects ſeen through Media of 
different Forms. P. III. 
p. 72—85. 
The Appearance of Objects 
ſeen by Light reflected from 
plain and ſpherical Sur faces. 
P. III. p. 118—133. 
Why three or more Images 
appear when a ſingle Object 
is viewed in a common 
Looking Glaſs, P. III. p. 
120. in the Notes. 


4 OBL1iqQue Aſcenſion, what. 


. 


F 143. 
Forces, their Effect. P. 1. 


p. 55. 
3 —Planes, the Deſcent of Bo- 


dies on them conſidered. P. 


I. p. 28. 


Sphere, what. P. IV. p. 


142. 


OsscuxA CAMERA de- 


ſcribed. P. III. p. 210. 
OccuLrTATION of Jupiter's 
and m_ s Satellites. P. 
IV. p. 93. 
Circles of perpetual Occul- 
tation, what. P. IV. p. 


144. 


© Octave Tone, the Nature 


of it. ©. 3h Bo $4 
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97 1. the Cauſe of it. 


P. III. p. 154. 
Or ric * what. P. III. 
P. 70. 
Nerve, what. P. III. p. 
55 
Or rics, in what the Science 
of it conſiſts. P. III. p. 3. 
ORBIT, the Plane of it, 
what. P. IV. p. 12. in the 
Notes. 
The Inclination of the Or- 
bit of each primary Planet 
to the Plane of the Ecliptic. 
P. IV. p. 18. in the Notes. 
The Inclination and Ex- 
centricity of the Moon's 
Orbit. P. IV. p. 19. in 
the Notes. 
The Form and Inclination 
of the Orbits of the Co- 
mets.. P. IV. p. 22. 
The Inclination of the Or- 
bits of Fupiter's and Sa- 
turn's Satellites. P. IV. p. 
21. in the Votes. | 
Okr1G1N of the Winds, ac- 
counted for. P. II. p. 116. 
ORrRERY, its Deſcription 
and Uſe. P.IV. p. 147. 
OsciLLAT10N, its Center, 
what. P. I. p. 33. 
The Center of it determin'd. 
Appendix to Part J. 
P 


PARALLAX, the Earth's 
annual Parallax, what. 
„ AV. 0. (3: 

The Parallax of the Semi- 
diameter of the Earth's Or- 

bit, what. P. IV. p. 70. 
Ihe Method of finding the 
Diſtance of the Planets 
from 


1 NF &- 8 


from the Sun by this Pa- 
rallax. P. IV. p. 70. in the 
Notes. 

The Method of determin- 
ing this Parallax from the 
Eclipſes of Fupiter's Satel- 
lites. P. IV. p. 96. in the 
Notes. 

— Of the heavenly Bodies ex- 
plained. P. IV. p. 113. 
PARALLACTIC Angle, what, 

P.IV. p. 114. 
The Method of determining 
the Diftance of a Planet 
from the Earth thereby. P. 
IV. p. 115. in the Notes. 
PARALLEL Circle, what. P. 
IV. p. 125. | 
Sphere, what. P. IV. p. 
142. 
PARALLELS and Climates, 
what, P. IV. p. 144. 


PARALLELS of Latitude, 


what. P. IV. p. 128. 
PAssivENESS, a Property of 
Body. P. IV. p. 7. 
PEN DULUus, their Theory. 
. 
Their Vibration in a Cy- 
cloid. Appendix to Part I. 
PexUMBRA, what. P. IV. 
p. 91. 
PRE RC uss io, the Center of 
it, determined. Appendix to 
Part J. | 


PRRICGCEON, what. P. IV. 
p. 49. 

PERIHE LION, what. P. IV. 
p. 48. 


PE RIO D, Victorian, what. P. 
IV. p. 199. in the Notes. 
Julian, what. P. IV. p. 


199. 


Pzr1opicar Month, what, 
P. IV. p. 74. 

— Time of the Moon, and of 
Fupiter's and Saturn's da- 
tellites. P. IV. p. 19. 

PER1OEC1, what. P. IV. p- 
137. 

PeRIsSC1T, what. P. IV. p. 
136. 

11 Motion, the 
Impoſſibility of it. P. J. 
p. 74 

—Apparition, Circle of it. 
P. IV. p. 144. 

—Occultation, Circle of it. 
P. IV. p. 144. 

Pr As xs of the inferior Planets, 
explained. P. IV. p. 62. 


—Of the Moon. P. IV. p. ; 


2. 2 
8 Cauſe of the Mo- 
tion of the heavenly Bodies. 
P. IV. p. 203—274. 
PLANE of an Orbit, what. 
P. IV. p. 12. in the Notes. 


Praners, the Poſſibility of 
their Motions, P. IV. p. 


4— 10. | 
A Table of the Diameters, 


Diſtances from the Sun, pe- Z 


riodical Times and Rota- 
tions of the primary Plancts 
about their Axes. P. IV. 
p. 14. in the Notes, 

Their apparent Revolution 
in 24 Hours accounted for, 


P.IV. p. 33 


The phyſical Cauſe of their 1 


Motions. P. IV. p. 203— 


274. 
The Figures they aſſume by 
revolving about their Axes. 
P. IV. p. 274. 
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INDE X. 


PxnEUMATICS, what. P. II. 
p. 33. ; 

PotTICAL Riſing and Set- 
ting of the Stars. P. IV. 
p. 145 

PoinTs of the Compaſs, 
what. P. IV. p. 139. 
Cardinal Points, what. P. 
IV. p. 139. 

Por AR Circles, what. P. IV. 
p. 134. 

PoLE, the Elevation of it, 
what. P. IV. p. 140. 


Pol xs of a Circle, what. P. 


IV. p. 126. 


g —Of the Earth, what. P. 


IV. p. 130. 


; — Of the Earth, their Nuta- 


tion, what. P. IV. p. 53. 
its Solution P. IV. p. 266. 

—Of the Ecliptic, what. P. 
LV. p. 127. 


8 . — Of the Heavens, what. P. 


IV. p. 130. 


© PokTABLE Barometer, de- 


ſcribed. P. II. p. 113. 


Parczssiox of the Equi- 


noctial Points, what. P. 
IV. p. 52. | 
Their . P. IV. Þ 
265. 


= PzessURE of Fluids, conſi- 


der'd. P. II. p. 7—27. 


= Paime Vertical, what. P. 


IV. p. 139. 


PRINCIPLEs of Natural Phi- 


loſophy. Preface, p. 4. 
The Connection between 
them and the chief Phæno- 
mena of Natural Philoſo- 
phy. Preface, p. 10-38, 

Their Proof and Laws of 
Action. P. I. p. 12-19. 


Demonſtrated to be no me- 
chanical Cauſes. Preface, 
Note 5. 

— Of Chronology. P. IV. p. 
178—202. 

PROBLEMSs on the Globes. 
P. IV. p. 161—178. 
PRO EC TIL ES, their Theory. 

P. L 3. 

ProPERT1ts of Body. P. 
I. 7. 

PROSTHAPHARES1S of a 
Planet, what. P. IV. p. 49. 

PTOLEMAIc Syſtem, de- 
ſcribed, P. IV. p. 13. in 

the Notes. 

PurT ER, its Properties. P. 
I. p. 64. 

PuLvis FULMINANsS, its 
Compolition and EffeQs. 
P. II. p. 145. in the Notes. 

Pu ur, capable of raiſing Wa- 
ter from any Depth. P. II. 
p. 84. | 

PyRITEs, thought by Dr. 
Lifter to be the Occaſion 
of Thunder, Lightning, 
Earthquakes and Volca- 


no's. P. II. p. 145. in the 
Notes. 


UADRANT of Altitude, 
what. P. IV. p. 159. 
QUALiFiCATI1oONS in Bodies 
which diſpoſe them to re- 
flect Rays of different Co- 
lours, P. III. p. 147— 


154. 
N 


RAin, the Cauſes usul 
aſhgned for it. P. II. 


p. 138. 
Rays. See Light. 
5 REACTION, 


e 


RxAc rio, its Equality to 
Action, ſhewn. P. I. p. 22. 

RxCIP ROC ATION of Springs, 
accounted for. P. II. p. 81. 
in the Notes. 

REFTLECTION of Light. See 
Light. 

REFRACTION of Light. See 
Light. | 
REFRACTION of the Atmoſ- 
phere. See Atmoſphere, 
REeFRANGIBILITY of Light. 

See Light. 
RzeevLs1on, defined, P. I. p. 
18. the Proof of it. P. III. 
161. in the Notes. 
ot a mechanical Cauſe. 
Preface, Note b. 

REsISsTANcE of Fluids. P. 
II. p. 41. | 

RRVOLVING Bodies deſcribe 

equal Areas in equal Times, 
demonſtrated. P. I. p. 46. 

Ric Hr Aſcenſion of a Star, 
what. P. IV. p. 143 

— Sphere, what, P. IV. p. 
bs: 

RING of Saturn, its Form, 
and Inclination. P. IV. p. 
21. 

Its Appearance. P. IV. p. 


Irs Anſe, P. IV. p. 98. 

Dr. Rook, his Wheel Baro- 
meter deſcribed. P. II. p. 
102. 

Ror AT ION of the Sun, and 
primary Planets about their 
Axes. P. IV. p. 14. 

Of the oon about its 
Axis. P. IV. p. 19. 

Rums Lines, what. P. IV. 
p. 160. 


I 


8. 
QATELLITEsS of upiter and 
Saturn. See Fupiter and 
Saturn. | 

SATURN, its Diameter; Dif- 
tance from the Sun; and 
periodical Time, P. IV. 
p. 14. in the Notes. 

The Excentricity of its 
Orbit; and the Inclination 
of the Plane of its Orbit tos 
the Ecliptic. P. IV. p. 18. 

in the Notes, 8 
The Form and Inclination 

of its Ring, and the Incli- 
nation of the Orbits of its] > 
Satellites. P. IV. p. 21. 

Its apparent Motion ac- 5 
counted for. P. IV. p. 66. 
The Method of determin-fj 5 
ing its Diſtance. P. IV. p. 
70. in the Notes. 8 
The Appearance of its Ring 

P. IV. p. 97. 8 
The periodical Times anc 
Diſtances of its Satellites 
P. IV. p. 19. in the Notes, 
The apparent Motions, E 
clipſes and Occultations 0 
its Satellites, accounted for 
P.IV. p. 93. 

SCALE of Variation in the 
Barometer, infinite. P. II 
p. I05 and 110. 

SCRE w, its Properties. P. I] St 
p. 66. 

SEA, its Ebbing and Flowing SF 
accounted for. P. IV. 

2' 6. 

SEASONS of the Year ac 
counted for. P. IV. p. 37. 

— /\ccounted for another wa) 


P. IV. p. 44. in the Notes. 


| SECONDARIE 


and 
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Diſ- 
and 


IV. 
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ation 
pit to 


), 18. 


ation 
Incli- 
of its 
I, 

WE - 
. 66. 
rmin- 


V. p. 
Ring 


es An 
ellites 
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ns, E 
ions o 


ed for 


in the 


P. II 


in! 8 the Doctrine of it. 


FI. ©. 0.3 0 


SECONDARIES of a Circle, 


what, P. IV. p. 126. 

— Of the Ecliptic, what. P. 
IV. p. 12 

SECONDARY Planets, See 


Moon, and Satellites 
SEMITYCHONIC Syſtem, de- 
ſcribed. P. IV. p. 13. in 
the Notes. 
SIGNs of the Ecliptic, what. 
P. IV. 129. 
SHORTSIGHTEDNESS, the 
Occaſion of it. P. III. p. 


64. 

SKY, its Nature. P. IV. 

SN ow, the Cauſe uſually aſ- 
ſigned for it. P. II. p. 140. 

SOLAR Syſtem deſcribed. P. 
IV. p. 11—24. 

SOLIDITY, a I of 
Body. P. I. 

SOLSTITIAL Sele FI 

p. 46 and 133. 

A 
133. 
SOUND, how communicated 
to the Ear. P. II. p. 47. 
Its Velocity, how com- 
puted. P. II. p. 51. in the 

Notes. 

SPEAKING Trumpet, the 
Nature of it. P. II. p. 52. 
of pap Gravity, what, P, 

J. 


P. IV. p. 125. 

Oblique Sphere. P. IV. p. 
141—142. 

Parallel Sphere. P. IV. p. 
141—142. 


P. IV. p. 46 and | 


| 


Right Sphere. P. IV. p. 
141—142. 
Vol. II. 


Spo s of tha Sun and Planet 
the Motion of the Sun a , 
Planets round their Axes 
determined by them, P. 
IV. p. 17. 

SPRINGS, See Fountains. 

STARs, fixed; why ſo called; 
why they appear larger to 
the naked Eye than with a 
Teleſcope. P. IV. p. 25. - 
Their Diſtribution. into 
Clatles, P. IV. p. 26. 
Of numbring and regiſtring 
them. P. IV. p. 29. 

Old ones vaniſh, and new 
ones appear. P. IV. p. 31. 
Sir /ſaac Newton s Conjec- 
ture about this; the fixed 
Stars thought to be = many 
Suns. P. IV. 

Their 5 . the 
Merhod of computing it. 
P. IV. p. 53. 

The Longitude and Lati- 
tude of a Star, what. P. 
„ 

Their Altitude, Depreſſion, 
Culmination, Azimuth and 
Amplitude. P. IV. p. 139 
— 140. 

Their Right Aſcenſion, 
what. P. IV. p. 143. 
STILE, old and new, what. 

N. IV. p. 01. 

SUMMa Aſſis, what. P. IV. 
p. 48. 

Sud, its Diameter, Diſtance 
from the Earth, and Time 
of its Rotation about its 
Axis. P. IV. p. 14. in the 
Notes. 

' The Inclination of its Axis 
to the Plane of the Eclip- 

P p . 


5 i © 8. 


tic. P. IV. p. 16. in the 
Notes. 
Its apparent Motion ac- 
counted for. P. IV. p. 35. 
Farther from us in Summer, 
than in Winter; the Occa- 
ſion of this. P. IV. p. 49. 

SUPERIOR Conjunction, 
what. P. IV. p. 58. 

SURFACES, reflecting and re- 
fracting. See Light. 

SwIMMING, ſolved, P. IV. 
p. 20. 

SyYNODICAL Month, what. 
N. Þ. 74 

SYSTEM, the Copernican, 
Ptolemaic, Tychonic, and 
Semitychonic deſcribed, P. 
IV. p. 12—13. 
The "Copernicen defended, 
ALS © = in the Notes. 


Alls of the Comets, Sir 
Iſaac Newton's Opinion 
of them examined; with a 
Conjecture of the Author's 
concerning them, P. IV. 
p. 102. 

TELESCOPES, a modern In- 
vention. P. III. p. 169. 
Reflecting Teleſcope in- 
vented me Tae Newton, 
P. III. 

A Deſcription of the ſeveral 

Sorts of them, and their 

magnifying Powers. P. III. 
p. 176-188, 

1 Zone, what. 
P. IV. p. 136. 

TENDENCY of heavy Bodies, 
not towards the „A of 
the Earth, except at the 
Equator and the Poles. P. 
IV, P · 281. 


| 


THrunDER and Lightning, 
the Cauſe of it ; the Effects 
of it not to be aſcribed to 
'Thunder Bolts; the Man- 
ner of eſtimating the Diſ- 
tance of it. P. II. p. 143 


— 147. 

Tips, accounted for. P. 

3 ; 

Time, the Equation of it, 
what; true and apparent, 
what. P. IV. p. 178— 
181. : 
The Diviſion of it. 
p. 181— 202. 

ToRRICELLI, his Invention 
of the Barometer, P. II, 
p. 85. : 

Tor RID Zone, what. P. IV. 

p. 135. 

Thane Winds, accounted 
for. P. II. p. 126. 

TRANSPARENCY, the Cauſe 
of it. P. III. p. 154. 

71 5 Circles, what. P. 
IV. p. 134. 

| —Of " 4.04 what. P. IV. 

P. 13 

—Of — HR what. P. 
IV. p. 135. 

TwiriGHT, the Cauſe of it. 
Fin. 
The Duration of it, various. 
P. IV. p. 123. 
That the Height of the 
Atmoſphere may be deter- 
mined by it, an erroneous 


A. 


Notion, P. IV. p. 121. 
in the Notes. 
TVYVCHON Ie Syſtem de- 
ſcribed. P. W. p. 13. in 
the Notes. 
2 V. 
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I 


and ſuperior Conjunction, 
what; why ſometimes our 
Morning, ſometimes our 
Evening Star; its greateſt 
Elongation ; the Method of 
determining its Diſtance 
from the Sun. P. IV. p. 
58—59. 

Its Phaſes explained. P. IV. 
p. 62. 

VERTICAL Circles, what; 
prime Vertical, what. P. 
IV. p. 138—139. 

Vzsuvivs, the Cauſe of its 
vomiting Flames, P. II. p. 
144. in the Notes. 

VicToORIAN Period, what. 
Nr 8 ie 
Notes. 

V1510N, the Nature of it ex- 
plained, P. III. p. 56. 
Diſtinguiſhed into bright 
and obſcure, diſtin& and 
confuſed, P. III. p. 62. 

UNS IzON Tone, the Nature 
of it; FP. H. 

Vor cAxo's, their Cauſe. P. 

|... Wie tho LE the Notes. 


Waris, his Opinion of 

| the Cauſe of the Hori- 
zontal Moon. P. III. p. g. 

WEATHER-GLASS. See 
Barometer. 

Wepsx, its Properties. P. I, 
p. 67. 

The Miſtakes of ſome Phi- 
loſophers about it, P. I. 
p. 71. 

Wu EL and Axis, its Pro- 
perties. P. I. p. 63. 

— Barometer, deſcribed, P. 


ig, V. 
Gs | VAcuvuu, what. P. I. 
to p. IO. 
n- The Exiſtence of it denied 
iſ by the Carteſians. P. L] 
43 p. 10. 
Its Exiſtence proved. P. I. 
. p. II. | 
Vous, their Formation 
it, I and Aſcent not ſufficiently 
ent, accounted for; the Carte- 
8— ian Notion of them, con- 
futed; Nieuwentyt's Notion 
IV. of them, confuted. P. II. 
pi. 130. | 
tion | The moſt generally receiv'd ' 
II. ] Opinion of them, confuted. 
*. ©, 60. > $33; 
IV. Dr. Deſaguliers's Opinion 
| examined. P. II. p. 133. 
nted The Cauſes uſually aſſign'd 
for their falling in Rain, 
auſe Snow and Hail. P. II. p. 
138. 
P. VariaTion, Line of it, 
what. P. IV. p. 161. 
IV. VEeLociTty of Light, how 
computed. P, III. p. 6. 
P. and P. IV. p. 96. in the 
Notes. 
of it.] Venus, its Diameter; Diſ- 
tance from the Sun; perio- 
rious. dical Time; Rotation about 
its Axis; Inclination of its 
f the Axis to the Plane of the 
deter- Ecliptic; the Excentricity 
neous of its Orbit; and the Incli- 
121. nation of its Orbit to the 
Plane of the Ecliptic. P. 
de- IV. p. 14 — 18. in the 
3. in Notes. 
Its apparent Motion ac- 
1 counted for ; its inferior 


1 


II. p. 102, 
WHITENESsS, 


I N 5 


WHITENnBss, a Compoſition 
of other Colours, P. III. 
p. 143- 

WrHisPERING Gallery, the 
Nature of it. P.II. p. 53. 
in the Notes. 


Winps, their Origin ac- 


counted for ; Trade Winds 
and Monſoons accounted 
for. P. II. p. 126. 
Their Variableneſs beyond 
the Limits of the Trade 
Winds, accounted for, P. 
IT. p. 116--128. 
Dr. Halley's Hiſtary of 
them. P. II. p. 116122. 
in the Notes. 
> © 

i the Seaſons of it 

ceounted 5 


p. 37 —43* 


| 


E X. 
Annus Magnus, or the 
great Year, what, P, IV. 


P. 57 
The different Sorts of it. 


P. IV. p. 187. | 

Leap You, why ſo called. 

P. IV. p. 190. | 
Z. 


What. P. IV. 
p. 138. 

ZODIAC, what; the twelve 
Signs thereof. P. IV. p. 
28 and 128. 

ZONE, what. P. IV. p. 
135. 

—ÞF'rigid, what. P. IV. p. 

136. 
— Temperate, what, P. IV, 
P. 130. 


